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j today provide a significant environmental 
amenity that can be used for fish and wildlife habitat and recreational use. Therefore, 
understanding the hydrologic and chemical conditions necessary to convert coal pit lakes 
from a problem into a valued resource are of interest. In order to understand how pit 
lakes modify input water chemistry and predict the chemical character of future pit lakes, 
a detailed understanding of the biogeochemical processes operating within the water 
column and the lake sediments is required. However, most investigations of coal pit lake 
hydrogeochemistry are limited to the evaluation of chemical condition, and little work 
includes evaluations of sediment chemistry. In this work a combination of sulfur and 
trace metal measurements within the anoxic sediments and water column of a coal pit 
lake were examined in order to obtain a better understanding of sulfide chemistry and 
trace metal fate and accumulation within an alkaline pit lake system. Nine anoxic 
sediment cores were collected and analyzed for total and acid volatile sulfur (AVS), and 
total and 1 N HC1 (Simultaneously Extracted Metals) digestible trace metals. Despite 
low concentrations of dissolved metals that recharge the study pit lake, it is likely that 
dissolved Zn and lye entering the lake through the groundwater system are removed as a 
result of metal sulfide precipitation (e.g. H 2S + Fe2+(flg) —» FeS(s) + 2 H +) prior to 
entering and contributing to the chemistry of the pit lake. The trace metal free 
groundwater entering the water column of the pit lake is diluting (by approximately 75 
%) the relatively higher metal load entering the lake via surface runoff. This process is 
thought to be responsible for lower Fe and Zn concentrations within water column of the 
study pit lake.
This study also examined the potential toxicity of trace metal accumulation within 
the sediments of the study pit lake. Recent work has proposed that the phase in which 
metals are bound and interact within the sediments (i.e. sediment ingestion) and sediment 
pore water controls metal bioavailability and thus toxicity. In most anaerobic 
environments, sulfides are the dominant mechanism for binding and storing dissolved 
metals in lake systems. According to the ratio of SEM to AVS measured in anoxic 
sediment core samples, a more than sufficient amount of AVS is present in the lake 
sediments to effectively trap trace metals present in the sediment pore water at the study 
pit lake. Results of this study also indicate that the concentrations of toxic trace metals 
measured in the lake sediments are at levels that would not be toxic to benthic biota. 
However, in other less-alkaline pit lake systems, which receive higher trace metal loads, 
the potential for the toxic accumulating of metal sulfides are more likely and may present 
a significant environmental concern. Therefore, the examination of pit lake sediment 
chemistry and quality is necessary in order to determine the potential use of pit lakes and 
their possible impacts on the environment.
Director: Johnnie N. Moore
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Introduction
A potentially desirable byproduct of surface coal mining is the creation of surface 
water impoundments. Surface water impoundments or “mine pit lakes” form when pits 
excavated during the last stage of mining are abandoned or discontinued. The sources of 
water filling these lakes are commonly groundwater, surface runoff and precipitation. 
Prior to the passing of the U.S. Federal Surface Mining Control and Reclamation Act 
(Public Law 95-87) hundreds of surface water impoundments were produced in the 
Appalachians and the Midwest as a result of surface coal mining operations (Gibb and 
Evans, 1978). Some of these lakes are acidic and contain high levels of total dissolved 
solids (TDS) and heavy metals while others meet or exceed water quality standards 
(Campbell and Owen, 1969; Gojering and Dollhopf, 1981; Anderson and Hakes, 1985; 
Brugam et al., 1987; Blevins, 1991; Blevins and Ziegler, 1992). The Surface Mining 
Control and Reclamation Act has specifically prohibited the future creation of surface 
water impoundments at coal mines in the United States (under certain circumstances, 
such as spoil lakes, they are still permitted). However, in other countries such as Canada 
and Germany coal pit lakes are deliberately constructed to function as fish and wildlife 
habitat and for recreation use (Bilkenroth, 1993; Sumer et al., 1995) Therefore, 
understanding the hydrologic and chemical conditions necessary to convert coal pit lakes 
from a problem into a valued resource are of interest.
In order to understand how pit lakes modify input water chemistry and predict the 
chemical character of future pit lakes, a detailed understanding of the biogeochemical
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processes operating within the water column and the lake sediments is required. 
However, most investigations of coal pit lake hydrogeochemistry are limited to 
evaluation of chemical condition; and little work includes evaluations of sediment 
chemistry (Blevins, 1991; Hall and Davis, 1986; Blevins and Ziegler, 1992; Eary, 1999; 
Lewis, 1999). Pit lake sediment chemistry is usually restricted to mineralogy (Turbac et 
al., 1979; Blevins and Ziegler, 1992). The work that has examined pit lake sediment 
chemistry has been limited to acidic settings and do not incorporate aspects of sediment 
quality or toxicity (Pedersen et al., 1993; Blodau et al., 1998; Friese et al., 1998; Peifer, 
1998). Sediment toxicity is an overlooked aspect of understanding the potential utility or 
risk of developing pit lakes as water resources.
Currently there are no sediment criteria to establish sediment quality and toxicity 
of trace metals in aqueous environments (Chapman et al̂ , 1999). Within natural aquatic 
systems, recent work on sediment quality and chemistry has focused on the toxicity of 
Cd, Cu, Hg, Ni, Pb and Zn within lake sediments. Work has focused on these elements 
because they have been linked to sediment metal toxicity in anoxic sediments (Di Toro et 
al., 1992). The concentrations of these and other transition metals within lake sediments 
and sediment pore waters are typically controlled and associated with sedimentary 
sulfides (Morse et al., 1987; Di Toro et al., 1992). In most aquatic environments 
sedimentary sulfides are a byproduct of sulfate reduction and metal sulfide precipitation 
(Morse et al., 1987). Although trace metal sulfide relationships have been confirmed in 
numerous lab experiments and within several marine and freshwater systems, they have 
not been confirmed and investigated in the sediments of coal pit lakes (Tuttle, 1969;
Decker and King, 1973; Wakao et al., 1979; Hammack and Edenborn, 1992; Berry et al., 
1996; Castro et al., 1999).
It is the purpose of this work to investigate the sulfide chemistry of a coal mine pit 
lake in southeastern, Montana in order to, characterize, compare and obtain a better 
understanding of sulfide chemistry in a alkaline coal pit lakes systems and, obtain a better 
understanding of trace metal fate and accumulation within pit lake sediments. Very little 
to no work has compared the sulfide chemistry of coal pit lake sediments to other natural 
aquatic systems (e.g. marine and other freshwater environments). The unique aqueous 
chemistry (high sulfate and TDS) of pit lake environments may generate sediment sulfide 
chemistry not typical of other freshwater environments. In addition, sediment toxicity 
and trace metal pore water chemistry are thought to be highly dependent on the phases 
and concentrations of sulfide within lake sediments (Di Toro et al., 1992). Therefore, in 
order to better understand and predict the water quality of pit lakes the sulfide chemistry 
of pit lakes must be characterized.
Background
Sedimentary Sulfide Chemistry
A large amount of research and method development has examined the 
importance of sulfate reduction and iron sulfide formation within anoxic sediments of 
lake systems. It has been well established that the formation of sulfide minerals in lake 
sediments affect pore water trace metal chemistry, lake alkalinity and in some instances
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trace metal bioavialability (Morse et al., 1987; Morse and Cornwell, 1987; Giblin, 1990; 
Ankley et al., 1991; Di Toro et al., 1992; Huerta-Diaz et al., 1993; Urban, 1994; Sibley et 
al., 1996, Castro, et al., 1999). The two major classifications for iron sulfides present in 
lake sediments are acid-volatile sulfides (AVS), which are operationally defined as the S 
species extractable by a cold (typically 1 N) HC1 digest, and pyrite (FeS2 ) (Morse, et al., 
1987; Huerta-Diaz et al., 1993). AVS exist in lake sediments primarily as iron 
monosulfide complexes, commonly amorphous FeS, mackinawite and gregite (Fe3S4) 
(Leonard et al., 1993, Morse, 1995, Ohem et al., 1997). The major processes that lead to 
AVS (e.g. iron monsulfides) and pyrite formation are presented below (Berner, 1970).
AVS mineral formation begins when anaerobic bacteria of the genera 
Desulfovibrio and Desulfotomaculum reduce sulfate to sulfide within lake bed sediments 
according to reaction (1) (dissimilatory sulfate reduction) (Alexander, 1977; Morse et al. 
1987; Ehrlich, 1995).
Sulfate-reducing bacteria
2(CH20 ) + S 0 42- => 2HC03' + H2S (1)
If a sufficient amount of reduced iron is available in the sediment pore water, the sulfide 
will initially precipitate into lake sediments as an AVS mineral (see reaction 2), most 
commonly amorphous FeS (Morse, 1995; Leonard et al., 1993).
H 2S + Fe2* -> FeS + 2H* (2)
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Once present in the lake sediments, AVS minerals will gradually convert to a disulfide, 
such as pyrite or marcasite (Berner, 1970, Morse et al., 1987). Typically, the conversion 
of iron monosulfides (AVS) to pyrite in sulfate rich environments occurs through the 
partial oxidation of iron monosulfides as described by reaction (3) (Berner, 1970). 
According to Berner (1970), the formation of authigenic pyrite occurs on the time scale 
of weeks to years.
2 FeS + xh  O2 + H2O -» FeS2 + Fe2+ + 2 OH" (3)
The reactions described above can affect the chemistry of the entire lake system 
through several mechanisms. The first reaction (reaction 1) removes dissolved sulfate 
from the aqueous system and increases lake alkalinity by two equivalents (Giblin et al., 
1990, Barton and Tomei, 1995). The second reaction (reaction 2) removes sulfur and Fe 
from the dissolved system and decreases alkalinity (Langmuir, 1997). In the third 
reaction (reaction 3) more sulfur is removed from the system and dissolved Fe and 
alkalinity are generated (Berner, 1970, Castro et al., 1999). Because the formation of 
iron monosulfides produce acid, it is important to note that a net gain in alkalinity 
through sulfate reduction can only be generated if pyrite is formed. In addition to the 
formation of pyrite (reaction 3), iron monosulfides, typically amorphous FeS, can react 
with divalent metal cations according to reaction (4).
Metal2+(aq) + FeS(s) —>> MetalSulfide(s) + Fe2+(aq) (4)
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In this reaction divalent metal cations, such as the toxic transition metals Cd, Cu, 
Hg, Ni, Pb and Zn, can out compete and displace the iron in FeS(s) forming insoluble 
metal sulfides, thus removing trace metals from sediment pore water (Hare et al., 1994). 
In anaerobic sediments, the process described by reaction (4) is considered to be the key 
binding phase for dissolved metals in marine and freshwater environments (Di Toro et. 
al., 1990; Ankley et al., 1991; Di Toro et. al., 1992; Hare et al., 1994; Sibley et al., 1996).
Sediment Toxicity
For toxicity to result, the metals within the sediments must be bioavailable. 
However, the factors that regulate the bioavailability of metals within anoxic sediments 
are complex (H^re, 1992). Recent work has proposed that the phase in which metals are 
bound and interact within the sediments (i.e. sediment ingestion) and sediment pore water 
controls metal bioavailability and thus toxicity (Di Toro et al., 1990; Lee et al., 2000). In 
most anaerobic environments, sulfides are the dominant mechanism for binding and 
storing dissolved metals in lake systems (Sibley et al., 1996; Simpson et al., 1998). 
Sulfide rich sediments can react with and accumulate toxic trace metals in both lake and 
wetland systems (Morse et al., 1987; Di Toro et al., 1992; Sibley et al., 1996; Simpson et 
al., 1998). Therefore, understanding the sulfide system within the sediments of a lake 
appears to have strong implications for the assessment of sediment quality.
In the past, “total” sediment metal concentrations (pg/g dry weight) were used to 
assess the toxic conditions of lake sediments (Luoma, 1983). However, “total” metals do
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not correlate with metal bioavailability or toxicity (Luoma, 1983; Berry et al., 1996; 
Reinfelder et al., 1998). Sediments containing equal concentrations of total metals can 
exhibit different degrees of toxicity (Di Toro et al., 1992). Recently, implications for the 
assessment of sediment quality and metal bioavailability have been developed based on 
metal sulfide precipitation (Di Toro et al., 1992; Allen et al., 1993; Sibley et al., 1996; 
Simpson et al., 1998). It has been proposed that the concentration of AVS present in the 
anoxic sediments of lakes can be utilized to predict the toxicity of divalent metal cations 
to benthic organisms. The AVS model predicts that pore water concentrations of 
dissolved cationic metals will not concentrate in lake bed sediments if a sufficient pool of 
FeS (AVS) is present. In order to compare the amount of toxic trace metals associated 
with the available pool of AVS, the ratio of the simultaneously extracted metals (SEM), 
(the metals extracted by the AVS digestion method) to AVS, has been utilized with some 
success to predict whether sediments will contain toxic concentrations of bioavailable 
metals in certain aquatic environments (Di Toro, et al., 1990; Di Toro, et al., 1992; 
Huerta-Diaz et al., 1993; Hare et al., 1992). The SEM most commonly associated with 
sulfide minerals and considered toxic in aquatic environments are Cd, Cu, Fe, Hg, Ni, Pb 
and Zn (Allen et al., 1993). Other trace metals that potentially are associated with the 
sulfide fraction are As, Co, Mo, Sb, Se and Mn (Morse et al., 1987; Ehrlich, 1995). 
Unless noted otherwise (e.g. SEMpe) SEMt0Xic refers to the potentially toxic trace metals 
commonly compared in the SEMiAVS model. These are Cd, Cu, Hg, Ni, Pb and Zn.
A few important assumptions of the SEM and AVS model are as follows:
1) The binding ratio between sulfide and cationic metals is 1:1.
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2) Free metal concentrations, rather than metals exposed to an organism via sediment 
particle ingestion, is the dominant source of toxicity to benthic dwelling organisms 
(Luoma, 1989; Hare, 1992; Griscom et al., 2000).
3) AVS is the primary binding phase of free cationic metals within the system.
According to these assumptions and reaction (4), as long as the molar ratio of SEM/AVS 
is <1, then a sufficient pool of AVS is available to sequester free cationic metals in 
sediment pore water. Conversely, if the molar ratio exceeds one, then the binding sites 
available on AVS minerals are saturated, allowing free metals to exist within the 
interstitial water. The predictive capabilities of the AVS model have been confirmed in 
numerous field and laboratory studies which correlate toxic and non-toxic conditions to a 
wide variety of benthic organisms in both freshwater and marine environments (Di Toro 
et al., 1990; Ankley et al., 1991; Calson et al., 1991; Casas and Crecelius, 1993; Besser et 
al., 1995; Leonard et al., 1995; Ankley et al., 1996; Sibley et al., 1996). However, 
according to the most recent literature reviewed, the SEM:AVS model cannot be used as 
an appropriate application to predict metal bioavailability or toxicity (Chapman et al., 
1999; Griscom et al., 2000; Lee et al., 2000).
Some researchers have documented the unpredictable nature of the AVS-SEM 
method in assessing sediment metal toxicity to benthic organisms (Ankley et al., 1993; 
Ankley, 1996; Simpson et al., 1998; Lee et al., 2000). It is thought that the 
unpredictability is a direct result of the lack of a strong theoretical and/or biological base 
that supports SEM:AVS model predictions of sediment metal toxicity (Simpson et al., 
1998; Lee et al., 2000). For example, it was concluded by Lee et al. (2000), that although
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sediment AVS concentrations can control pore water metal concentrations, the route of 
metal exposure to organisms is more closely related to sediment metal rather than pore 
water ingestion. If this is true, then a major assumption of the SEM:AVS model is 
contradicted and the model alone cannot be used as an appropriate application to predict 
metal bioavailability or toxicity (Chapman et al., 1999).
Study Site
The study coal-mine-pit-impoundment (named “Pond-A” by the Big Sky Mine 
Coal Company) that was evaluated is located in Southeastern Montana, approximately 7 
km south of the city of Colstrip (Figure 1). The study impoundment was intentionally 
created jin approximately 1975 from a final coal cut pit by the Peabody Coal Company to 
be used as a water resource for cattle, wildlife and recreation (Goering and Dollhopf, 
1982). The chemistry and hydrology of the lake was previously evaluated from 1975 
through 1981 by Goering and Dollhopf (1982) and again by Wheaton et al. (2000) and 
Phillips and Wheaton (1999) from 1997 to 1999 (see Appendixes C, D, E and F).
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Figure 1: Site location maps of study-mine-pit-lake (Pond-A).
1*
11
Hydrogeology
The study impoundment is approximately 490 m long by 30 m wide with a high 
wall/native range located adjacent to the west shore and spoil material/mined areas 
located adjacent to the east shore (Figures 1 and 2). The average lake depth is 
approximately 4 m covering an area of approximately 1700 m2. Approximately 15 % 
(visual estimate) of the lake area is supporting emergent vegetation (cattails). The lake is 
recharged from the west by an adjacent coal aquifer, rain and surface runoff (Goering and 
Dollhopf, 1982 and Wheaton et al., 2000). According to Goering and Dollhopf (1982) 
and Wheaton et al. (2000), overland runoff to the lake occurs over the eastern spoils and 
western high wall/native range. Discharge from the lake occurs through 
evapotranspiration and outseepage into the adjacent spoil aquifer to the east (Goering and 
Dollhopf, 1982; Wheaton et al., 2000) (Figure 2). Simple mixing model results 
performed by Phillips and Wheaton (1999) at Pond-A indicated that on average 25% of 
the lake chemistry is a result of surface runoff and 75% is a result of groundwater 
recharge.
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Figure 2: Topographic map of study area and Pond-A sediment sampling map
Aqueous Chemistry
The dissolved aqueous system of Pond-A is dominated by sulfate, magnesium, 
calcium and sodium (Table 1A). The groundwater that recharges Pond-A is also 
dominated by high concentrations of these same elements. In addition, the groundwater 
is anoxic, slightly acidic (pH ~ 6.9) and contains measurable amounts of dissolved sulfide 
(0.012 to 0.082 mg/L) (Table IB and Appendix H). The runoff waters that recharge 
Pond-A contain relatively low dissolved concentrations of all major cations and a slightly 
alkaline pH (~ 7.9) (Table 1C). The low concentrations of dissolved metals and near 
neutral to slightly alkaline pH (6.9 -  8.3) exhibited by the waters within and recharging
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Pond-A are due to the natural buffering capacity of the carbonate-cemented Fort Union 
Formation sediments present in the overburden and spoils material in the area of Pond-A 
(Clark, 1995).
Table 1: Concentrations of the major cationic chemistry, pH and alkalinity in Pond- 
A (A), the Coal Aquifer (B) and Surface Runoff Waters (C).
(A) Pond-A
Pond-A Ca (mg/L) Mg (mg/L) Na (mg/L) Sulfate (mg/L) pH Alkalinity (mg/L)
Mean 124 305 99.8 1410 8.0 252
Std. Dev. 13.6 31.1 10.7 141 0.29 24.8
Count 30 30 30 30 29 22
Minimum 77.6 165 52.9 715 7.3 216
Maximum 147 339 113 1530 8.3 320
(B) Coal Aquifer
Coal Aquifer Ca (mg/L) Mg (mg/L) Na (mg/L) Sulfate (mg/L) pH Alkalinity (mg/L)
Mean 368 366 159 1860 6.9 654
Std. Dev. 119 113 73.8 715 0.032 75.0
Count 9 9 9 9 1 9 9
Minimum 231 229 70.1 910 6.9 522
Maximum 531 549 263 2590 7.0 730
(C) Surface Runoff
Runoff Ca (mg/L) Mg (mg/L) Na (mg/L) Sulfate (mg/L) pH Alkalinity (mg/L)
Mean 53.0 14.2 2.40 122 7.9 48
Std. Dev. 71.1 12.5 2.84 140 0.12 21
Count 9 9 9 9 3 3
Minimum 7.72 2.20 0.583 6.35 7.83 34
Maximum 238 39.0 9.72 453 8.04 72
The only dissolved metals at detectable levels within the lake water column, upgradient 
coal aquifer, or surface runoff waters are Fe, Zn, Cu and Mn (Table 2). Low level Zn and 
Fe within Pond-A and the coal aquifer were limited to the water samples collected and 
analyzed in the fall of 1999 (see Appendixes C and G). Dissolved iron concentrations
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range from 2 to 16 parts per billion (ppb) and 7 to 15 ppb in Pond-A and the coal aquifer, 
respectively (Table 2). Surface runoff Fe ranged from 92 to 190 ppb (Table 2). Zn 
concentrations were below detection (2 ppb) within Pond-A and ranged from 4 to 10 ppb 
and 5 to 50 ppb within the adjacent coal aquifer and surface runoff waters, respectively 
(Table 2). Cu concentrations were below detection (5 ppb) in both Pond-A and the coal 
aquifer and detected in one surface runoff water sample at a concentration of 10 ppb 
(Table 2). Manganese concentrations ranged from 2 to 739 ppb in Pond-A, 16 to 13 ppb 
in the coal aquifer; and 140 to 414 ppb in surface runoff waters.
Table 2: Aqueous concentrations of SEM metals (ppb) and Iron within Pond-A and 
its major hydrologic inputs (note: Cu was detected in only one runoff sample).
Metal and Water Type Mean Std. Dev. Count Minimum Maximum
Fe, Pond-A 6 4 10 2 16
Fe, Coal Aquifer 10 5 3 7 15
Fe, Surface Runoff 134 41 7 92 19
Zn, Pond-A < 2 NA 0 < 2 < 2
Zn, Coal Aquifer 5 4 7 4 10
Zn, Surface Runoff 25 23 3 5 50
Cu, Pond-A < 5 NA 0 < 5 < 5
Cu, Coal Aquifer <5 NA 0 <5 <5
Cu, Surface Runoff 10 NA 1 10 10
Mn, Pond-A 147 231 19 2 739
Mn, Coal Aquifer 16 13 8 4 35
Mn, Surface Runoff 305 109 9 14 414
Methods
Sediment Sampling and Handling
Nine 15 cm by 2.54 cm diameter lake sediment cores were collected on 6/5/98 
from the top sediments of Pond-A (Figure 2). Core tubes were acid washed and rinsed 
and soaked in double-deionized analyte-free water produced by a Milli-Q® system (Milli-
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pore Corporation, Bedford, MA) several times and dried to be certain no acid remained. 
Cores were collected at various water depths within the lake (1.5 to 5.1 m) by diving and 
inserting an empty core tube into the lake sediments. Upon extraction the sediments in 
the core tube were held in place by hand (non-latex gloves were worn), and quickly 
capped on both ends while under the water surface. Once above the lake surface the
(ft)rubber core caps were checked for a good seal, taped and placed into a Ziploc bag. The 
Ziploc® bag was then purged with nitrogen, evacuated, and sealed. The bag was then 
placed into a second Ziploc® bag that was also purged with nitrogen, evacuated, and 
sealed. The double evacuated bags and samples were then stored and frozen with dry ice 
(Lasorsa and Casas, 1995). The following day the anoxic lake sediments were 
transported and stored in an anaerobic chamber until they were analyzed for AVS. 
Homogenized sediment cores were analyzed in duplicate for AVS and SEM using a 
“modified diffusion procedure” outlined by Leonard et al. (1996), 8, 10 and 12 days after 
collection. The diffusion procedure of Leonard et al. (1996), was further modified in this 
study to better simulate anaerobic conditions. Modifications to the AVS and SEM 
analytical method are discussed below. A more rigorous acid digest and analysis of these 
sediments were also performed using a microwave aqua regia method as described by 
Helgen (1996) (Appendix B). Multi-element analyses of the AVS and aqua regia digests 
solutions were measured on a Thermo-Jarrell Ash, IRIS inductively coupled argon 
plasma emission spectrophotometer (ICAPES) (Thermal Jarrell Ash, Franklin, MA) for 
SEM, and other trace and major elements.
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AVS and SEMMethod
All bottles and vessels were acid washed in 50% reagent grade hydrochloric acid 
and rinsed at least three times in double-deionized Milli-Q™ water. All other reagents 
were trace metal grade or better. Sulfide stock was prepared by saturating 100 ml of 
deaerated Milli-Q™ water with approximately 100 g of rinsed sodium sulfide crystals. 
The sulfide stock solution was standardized by titration with lead perchlorate using a 
silver/silver sulfide combination electrode (Cole Palmer®) in conjunction with an Orion® 
model 250A digital pH/ISE meter. The Sulfide Anti-Oxidant Buffer (SAOB) solution 
was prepared by filling a 1 L volumetric flask with the following: 500 ml of deaerated 
Milli-Q™ water; 200 ml 10 M NaOH, 35 g of ascorbic acid; and 67 g of disodium EDTA 
(Cole-Palmer®). The SAOB trapping solution converts sulfides (HS‘ and H2 S) to S2' 
which is measured by the silver/silver sulfide ion selective electrode (ISE) (Cole 
Palmer®). All solutions used in this procedure were deaerated by bubbling nitrogen 
through a three port, two L Nalgene® polyethylene deaeration vessel (Figure 3). 
Solutions were extracted from the vessel by using nitrogen to displace the deaerated 
liquid into 60 ml Luer-Lok® tip syringe attached to the deaeration vessel (Fisher 
Scientific®). The AVS reaction vessels were constructed from 250 ml polyethylene 
Nalgene® wide mouthed bottles equipped with Luer-Lok® caps, which served as injection 
and purge ports (Figure 3). When used in conjunction with Luer-Lok® syringes this 
apparatus creates an air tight seal for solution or gas injection. Each chamber was 
pressure tested for leaks by submersing the pressurized vessels in soapy water. Caps for 
these ports were modified 3 ml Luer-Lok® tipped syringes (Fisher Scientific®). These
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syringes were cut with the plunger enclosed then sealed with hot-melt glue. The AVS 
chamber was purged with nitrogen before and after the introduction of a wet sediment 
sample and the SAOB trapping solution vial. The trapping solution was contained in a 20 
ml borosilicate scintillation vial. The amount of wet sediment used varied between three 
and six grams depending on the amount of AVS expected. Each sediment sample was 
homogenized prior to analysis by mixing the sediment within a nitrogen purged and 
sealed Ziploc® bag.
2 L Polyethylene 
Deacrattuti Vessel
Figure 3: Photograph of 2-L deaeration vessel and AVS reaction vessel.
The 20 ml scintillation vial contained 10 ml of the SAOB trapping solution, which 
w'as suspended in the vessel with a piece of monofilament fishing line. Once a known 
amount of sediment and SAOB solution vial were in the chamber and the lid tightly
secured approximately, 50 ml of deaerated 1 N HC1 was injected into the injection port of 
the AVS chamber with a 60 ml Luer-Lok® tip syringe (Fisher Scientific®). The syringe 
was then left attached to the injection port during the experiment to avoid loss of evolved 
HS' gas through the port if it was removed and capped. The AVS chamber was placed on 
a magnetic stirrer for 1 hour before the SAOB trapping solution in the scintillation vial 
was removed and measured for AVS by a calibrated silver/silver sulfide ion selective 
electrode (ISE) in conjunction with an Orion® model 250A digital pH/ISE meter. Linear 
fit calibration curves for the ISE, plotted on a semi-log concentration axis had r2 values of 
0.997 to 0.9999 (Appendix A, Table A1 and Figure A2). The ISE was calibrated every 
two hours to ensure accuracy. Method accuracy was measured by spiking the sediments 
with a known amount of sulfide stock (approximately 0.0300 - 0.0500 g). 
Concentrations of sulfide spikes \^ere determined by spiking a similar amount 
(approximately 0.0500 -  0.0700 g) of sulfide stock into 10 ml of fresh SAOB contained 
in a scintillation vial. This “reference solution” was then measured for sulfide 
concentration at the same time AVS was being measured in the sulfide spiked sediment 
sample. The concentration of the sulfide sediment spike was determined by relating the 
“reference solution” volume and concentration to the volume of sulfide sediment spike 
added to the sediment according to the following equation: [sediment spike] =
([reference] x (volume of sediment spike)) / (volume of reference spike). In order to 
accurately calculate spike amounts and recoveries, it was important to measure the 
volume of sulfide stock to the fourth decimal place.
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The dilute HC1 digest (SEM) solution was centrifuged for 15 min at 1500 rpm in 
the AVS chamber, decanted, then filtered into 50 ml Nalgene® polyethylene bottle with a 
0.2 pm Millipore® membrane filter. Digest solutions were run undiluted on ICAPES for 
all elements except Ca, Fe, and Mg, which had to be diluted by a factor of 100 in order 
extract accurate data. The dry weight (dry wt.) of the wet sediment analysis was 
determined by gravimetric analysis of sediment sample aliquots (Appendix A, Table A2). 
The percent dry weight of the aliquots was used to back calculate the dry weight of the 
AVS wet sediment analysis (Appendix A, Table A3). The SEM dilution factor was 
determined by dividing the amount of solution injected into the AVS chamber by the 
calculated amount of dry sediment digested (Appendix A, Table A3).
Quality Assurance (AVS and SEM)
Method duplicates, blanks, and spikes were used to determine sample variability 
and accuracy of the AVS and SEM method. Replication among AVS and SEM 
duplicates were variable among individual sediment samples and SEM metals. The mean 
percent relative difference (% RD) between AVS method duplicates was 11.3% (range 
0.30% - 24.2%) (Appendix A, Table A4). The mean % RD between SEM method 
duplicates was 8.5% (range 0.16% - 33.4%) (Appendix A, Table A5). The mean % RD 
for SEM iron (SEMFe) was 6.39% (range 1.02% -17.6%) (Appendix A, Table A5). AVS 
spike recoveries were 83.7% to 95.6% (Appendix A, Table A6).
The precision and accuracy of ICAPES analysis of SEM digest solutions were 
determined by six measurements of the USGST145 external reference water standard.
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All elements except Cr were within the standard range of reported values for the USGS 
standard (Appendix A, Table A7). Multiple measurements of SEM metals and SEMFe in 
the standard (except for Pb, which was below detection) exhibited a % RD from 2.9% to 
6.5% (Appendix A, Table A8). The SEM extract was not spiked for metals on ICAPES 
analysis.
The AVS and SEM method blank revealed no sulfide contamination and all 
elements measured in the blank by ICAPES were either below detection or at 
insignificant levels (Appendix A, Table A6 and A9). Zinc concentrations present in the 
blank were at least 3 orders of magnitude less than the concentrations of zinc measured in 
the SEM digest solutions (Appendix A, Table A9).
The relative difference (RD) between AVS method duplicates for each sample 
was used to represent the overall error of the AVS analysis (Tadle 3). The mean RD 
between individual SEM metal duplicates was used to represent the total SEM error 
(Table 3). The RD between Cd duplicates was not considered in the mean SEM RD 
because reported Cd values were at or near ICAPES detection limits. The error was 
combined for SEM/AVS or AVS/SEMpe according to the following equation modified 
from Taylor (1982):
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Where: A and B = independent measured quantities (AVS, SEM or SEMfc) and AA and 
AB = their associated error (Mean RD or RD); AZ = Combined Error of A/B and Z = the 
ratio of A/B (Table 1).
Table 3: AVS and SEM concentrations for Pond-A lake bed sediment cores.
SEM 
umol/2 dry w t
AVS 
umol/s dry w t SEM/AVS
Sample
Name Mean
Mean 
RD b/w SEM 
Dups
Mean RD Ratio CombinedError
SPA-1 0.45 0.02 93.0 0.28 0.005 0.0003
SPA-2 0.47 0.04 70.1 21.8 0.007 0.0017
SPA-3 0.39 0.08 28.1 3.52 0.014 0.0033
SPA-4 0.42 0.04 52.4 12.7 0.008 0.0021
SPA-5 0.33 0.03 33.4 2.26 0.010 0.0012
SPA-6 0.37 0.01 57.5 10.7 0.007 0.0012
SPA-7 0.42 0.03 13.6 0.89 0.031 0.0028
SPA-8 0.60 0.05 97.7 6.31 0.006 0.00061
SPA-9 0.58 0.03 85.0 2.59 0.007 0.0004
Mean 0.45 0.04 58.7 6.10 0.012 0.0015
Quality Assurance (Aqua Regia)
The accuracy and precision of the aqua regia digestion was determined by method 
duplicates, blanks and the digestion and analysis of an external USGS standard sediment 
sample (Reference Sample Sed 2). The sediment standard and method blank were 
prepared and analyzed in the same manner as described by the aqua regia digest 
procedure (Appendix B).
The mean percent relative differences of individual elements for 3 method 
duplicates was 7.38% (range 0.41% - 40.6%) (Appendix B, Table B2). The mean % RD 
for three sulfur and iron method duplicates were 3.54% (range 1.67% - 5.30%) and
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5.35% (range 0.25% - 9.67%), respectively (Appendix B, Table B2). The analysis of 
USGS Standard Reference Sample Sed 2 indicated that the accuracy of the digest 
procedure was within acceptable limits for all SEM metals and elements except Al, As, 
Be, Co, and Mg (Appendix B, Table B3). The method blank did not indicate any 
significant contamination (Appendix B, Table B4), less than 0.002% of the 
concentrations found in samples.
The precision and accuracy of ICAPES analysis of the digest solutions was 
determined by multiple measurements of the USGST143 external water standard and the 
measurement of a composite check standard (COMP) which contained all elements in the 
calibration standards. All elements were within the USGST143 standard range of 
reported values except Ca, which only fell outside the upper range limit for its measured 
deviation by 0.1 mg/L (Appendix B, Table B5). Average percent recoveries relative to 
actual COMP values were ± 10% or better for all elements except Sb and Sn which 
exhibited average recoveries of 117% and 83%, respectively (Appendix B, Table B6). 
The percent relative standard deviations (% RSD) for seven COMP analyses were ± 4% 
or better for all elements analyzed (Appendix B, Table B6).
In order to determine how well total sulfur was estimated by the aqua regia digest 
method, the aqua regia sulfur concentrations of three lake sediment samples were 
compared to the total sulfur concentrations determined by a Leco SC442 total Sulfur and 
Carbon Analyzer. The same three sediments samples digested by the aqua regia method 
were also compared to a hot block digest (EPA method 3050B) analyzed for B, Fe, Li, 
Mn, Sr and Zn by ICAPES according to EPA method 6010. Total sulfur and the 3050B
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hot block digest and respective metal analyses were completed by Energy Laboratories, 
Inc. Billings, Montana (see Appendix B). The concentrations of total sulfur determined 
by the Leco total sulfur analyzer compared well to aqua regia sulfur concentrations. The 
% RD between the two sulfur extraction methods ranged between 0% and 9% and neither 
method preferentially extracted more sulfur (Appendix B, Table B7). The EPA 3050B 
and aqua regia digests extracted similar amounts of Fe, Mn, Sr and Zn (% RD ranged 
between 2% and 20%) and very dissimilar amounts of Li (% RD ranged between 52% 
and 89%) (Appendix B, Table B7). The aqua regia digest preferentially extracted more 
Fe than the 305OB digestion; and the hot block digestion consistently extracted more Li 
(Appendix B, Table B7). Although the aqua regia and 3050B methods are in reality acid 
extractable, not true total digests, both methods are commonly referred to as totals in the 
literature and at times, are mentioned as totals in this work. However, the agreement 
between true total and aqua regia extractable sulfur methods suggest that the aqua regia 
digest was able to accurately extract a total sulfur value. Energy Laboratory quality 
assurance and analytical laboratory reports are attached in Appendix B.
Results and Discussion
Pit Lake Sulfide Chemistry
-Comparison o f Aqua Regia Extractable and Acid Volatile Sulfur and Iron 
Aqua regia “total” sulfur and AVS concentrations exhibited a high degree of 
spatial and some in-sample or method variability within Pond-A lake bed sediment cores
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(Figure 2 and Table 4). Replication among total sulfur duplicates averaged 3.5%
(Appendix B, Table B2). Variability among AVS duplicates was higher, but still 
averaged less than 12% (Appendix A, Table A4). Pond-A total sulfur concentrations 
ranged from 2320 pg/g to 7130 pg/g dry wt. (mean 3700 pg/g) and AVS ranged from 
436 pg/g to 2970 pg/g dry wt. (mean 1920 pg/g) (Figure 4 and Table 4). A difference in 
mean concentrations of total sulfur versus AVS is significant at the 97.76% confidence 
interval (p value of 0.022) (Table 4). On average, the AVS represented 51% (range 6% 
and 82%) of the total sulfur in the nine sediment cores analyzed (Table 4). The highest 
concentration of total sulfur was recorded in sediment core SPA-7, which also exhibited 
the lowest concentration of AVS (Figure 4 and Table 4). The relationship between total 
sulfur and AVS exhibited by SPA-7 does not compare well with the other 8 sediment 
cores analyzed (Figure 5). By, including this point no correlation exists between total 
sulfur and AVS (R2 = 0.016) (Figure 5a). However, if this point (SPA-7) is excluded in 
the regression, a positive correlation exists between the concentration of AVS and total 
sulfur in the lake sediments of Pond A (R2 = 0.713) (Figure 5b). This correlation 
indicates that total sulfur increases with increasing AVS (Figure 5b).
Like sulfur, total Fe and SEMfc concentrations exhibited a high degree of spatial 
and minor in-sample variability within Pond-A lake bed sediment core samples (Figures 
2 and 6). Replication among total iron duplicates averaged 5.4% (Appendix B, Table 
B2). Variability among SEMfc duplicates was higher, averaging 6.4% (Appendix A, 
Table A5). Pond-A total iron concentrations ranged from approximately 9,000 pg/g to 
18,700 pg/g dry wt. (mean 15,000 pg/g) and SEMfc ranged from approximately 2,700
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jixg/g to 6,200 jixg/g dry wt. (mean 4500 pg/g) (Figure 6). The concentrations of Fe 
present in both the aqua regia and SEM digest solutions represent the largest pool of 
sulfide associated elements extracted by either method. Iron concentrations measured in 
the aqua regia and SEM digest solutions, respectively, represent 98% and 95% of all 
potentially sulfide forming elements (Table 5).
Similar to total sulfur and AVS, a much better correlation exists between total Fe 
and SEMpe (R2 = 0.401 to 0.699) if the sediment sample SPA-7 is not included in the 
linear regression (Figure 7a and b, respectively). Excluding SPA-7, the correlation 
between total Fe and SEMFe, indicates that total Fe increases with increasing SEMFe 
(Figure 7b). However, excluding SPA-7 in the comparison of total extractable Fe and 
sulfur still results in a poor correlation (R2 = 0.103 and 0.212) (Figures 8a and b, 
respectively). In spite of no correlation, it is important to note that the molar ratios of 
total Fe and total sulfur are always greater than 1:1 (Figure 8). In contrast to total Fe and 
total sulfur, a strong correlation does exist between AVS and SEMpe regardless of the 
inclusion of sediment sample SPA-7 (R2 = 0.874 and 0.819) (Figure 9a and b, 
respectively). Although there is a significant amount of variability within this 
relationship, the linear fit among these points is close to a molar ratio of 1:1 (Figure 9a 
and b). The average molar ratio of AVS to SEMFe within Pond-A lake bed sediments is 
0.81 (standard deviation (s.d.) ± 0.28) (Table 6). The outlying sediment core SPA-7 
represents the lowest AVS to SEMFe ratio of 0.3; all other ratios are > 0.5 (Table 6).
Similar to the findings of Oehm et al. (1997) at Canadohata Lake, PA, the 
concentrations of AVS within the lake bed sediments of Pond-A varied both spatially and
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within individual core sample replicates (Figure 2 and Table 4). Oehm et al. (1997) 
reported that AVS concentrations varied by as much as three orders of magnitude at 
Canadohata Lake. In comparison, Pond-A bed sediments varied, at most, by one order of 
magnitude (Table 6). Although seasonal and core depth variability were not considered 
at Pond-A, both Leonard et al. (1993) and Oehm et al. (1997), reported that AVS 
concentrations vary seasonally, and with sample and water depth. Oehm et al. (1997) 
attributed replicate variability to the following: microscale heterogeneity in the 
sediments; sediment sampling and extraction; and trapping and analysis technique. It is 
likely that the spatial variability observed within the sediments can be attributed to one or 
more of the aforementioned conditions.
The total sulfur concentrations recorded for Pond-A lake bed sediments (mean 
3700 pg/g dry wt.) fall within the concentration range (300-64,000 pg/g dry wt.) reported 
for lake sediments, which are characteristically enriched in sulfur relative to crustal 
materials (50-2000 pg/g dry wt.) (Table 4) (Urban, 1994). The concentration of AVS 
present in Pond-A sediments (mean 1920 pg/g dry wt.) compares well with AVS 
concentrations reported to be found in coastal marine sediments (641-2890 pg/g dry wt.) 
rather than those reported for unpolluted freshwater environments (128-417 pg/g dry wt.) 
(Table 4) (Leonard et al., 1993). The similarity between Pond-A and marine sediment 
AVS concentrations are also observed in the dissolved sulfate concentrations of Pond-A 
and the adjacent coal aquifer. The sulfate concentrations present in Pond-A (-1400 mg/L) 
and the recharging groundwater (-1800 mg/L) begin to approach those measured in 
marine settings (2,700 mg/L) rather than concentrations typical of other freshwater
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environments (3.7 -  30 mg/L) (Langmuir, 1997). These results indicate that the elevated 
AVS concentrations present in Pond-A, relative to other freshwater environments, is a 
likely consequence of the higher sulfate concentrations present in the lake water column 
and recharging groundwater. According to Leonard et al. (1993) sulfate limitations are 
responsible for lower AVS concentrations in freshwater versus marine environments. 
Sulfate concentration along with temperature, and organic carbon availability are typical 
factors that control sulfate reduction thus affecting sedimentary AVS (i.e. FeS) 
concentrations (see reactions 1 and 2) (Giblin et al., 1990; Urban, 1994).
Although the differences in mean concentrations of total sulfur versus AVS are 
not highly significant (p value = 0.022), it is likely that the mean total sulfur is greater 
than the AVS extractable sulfur in Pond-A lake bed sediments (Table 4). The main 
reason for higher total sulfur concentrations can be attributed to the more rigorous aqua 
regia digest relative to the weak (1 N) anoxic acid digest that measures AVS. The AVS 
method theoretically represents the iron sulfides that are extracted by a weak acid digest. 
These are commonly reported to be Cd, Cu, Fe, Hg, Ni, Pb and Zn monosulfides (Di 
Toro, 1992). The aqua regia digest should react and solubilize most types of sulfur 
present in the sediments including iron pyrite (FeS2) and organic sulfur, which according 
to the literature is not extracted by the AVS digest (Berner, 1963; Morse et al., 1987; 
Huerta-Diaz et al., 1993). According to Berner (1970), organic sulfides account for a 
negligible portion of total Sulfur.
Excluding the sediment core sample SPA-7, total sulfur and AVS are correlated 
such that if a sample contains more AVS, then total concentrations of sulfur will also be
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higher. This relationship indicates the significance of AVS as a sulfur form present in the 
lake bed sediments of Pond-A. The result that no correlation exists when SPA-7 is 
included in this relationship indicates that the sulfur signature in SPA-7 is different than 
the other 8 sediment cores (Figure 5). In all but SPA-7 the amount of AVS accounts for 
> 45% of the total sulfur extracted (Table 4). The concentration of AVS in the outlying 
sample only accounted for 6% of the total extractable sulfur (Table 4). Although 
replicate analysis of this sample was good (% RD = 6.6%), it is possible that the 
concentration of AVS in this sample may be low as a result of sulfide oxidation occurring 
during sediment core transport, storage or homogenization. According to Morse (1990) 
(sited in Raiswell et al., 1994), the oxidation products of iron monosulfides are not 
extracted by a cold IN HC1 digest. However, it is more likely that because SPA-7 is 
located adjacent to the western edge of an actively eroding high wall at a relatively 
shallow depth (1.52 m), it is also possible that a recent runoff event may have altered the 
chemistry of this sample with the emplacement of fresh detrital sediments (Figure 2 and 
Table 4) (Nriagu and Soon, 1985). According to Clark (1994), the mineralogy of the 
high wall sediments (Fort Union shales and sandstones) contain pyritic materials, which 
if emplaced in the area of SPA-7 would explain the high sulfur and low AVS content of 
the sample. A large amount of sedimentation was observed to enter the lake during 
rain/runoff events at Pond-A.
Higher concentrations of total Fe versus SEMFe are a likely function of the 
discordance between the two digest methods (Figure 6). In addition to extracting AVS 
minerals, the aqua regia digest will also solublize Fe associated with silica and other
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inorganic (e.g. FeS2) and Fe associated with organic phases present in the lake sediment. 
This conclusion is supported by the weak correlation between total and SEMFe (Figure 7). 
However, it is likely that the weak positive correlation that is exhibited by total Fe and 
SEMpe, without including SPA-7 indicates that SEMFe affects the total Fe concentration 
in the recent sediments of Pond-A. The result that no correlation exists when SPA-7 is 
included in this relationship indicates that the Fe signature in SPA-7 is different than the 
other 8 sediment cores (Figure 5). It is also important to note that relative to Fe, 
negligible amounts of other trace metal-sulfide-associated elements were extracted by 
either digest (Table 5). This result implies that iron sulfide minerals are the dominant 
metal sulfide present in the sediments of Pond-A.
The lack of a correlation between total sedimentary sulfur and iron in Pond-A 
lake sediments is in agreement with the conclusions reported by Urban, (1994) for other 
lake systems (Figure 8), who found that it is common for the molar ratio of Fe:S to be 
much greater than 1:1, as exhibited by Pond-A (Figure 8a and b). However, the molar 
ratio (mean 0.81 ± 0.28 s.d.) and strong correlation (R = 0.874) that does exist between 
AVS sulfur and SEMpe supports the methodological assumption that the dominant AVS 
minerals present in Pond-A sediments are likely to be those with a molar ratio close to 
one (e.g. amorphous FeS, (hydro)troilite, pyrrhotite, mackinawite and gregitite) (Morse et 
al., 1987) (Figure 9 and Table 6). It is also important to note that the exclusion of 
sediments sample SPA-7 does not increase the correlation between AVS and SEMFe 
(Figure 9a and b). This indicates that, although the mineralogy or character of sediment
sample SPA-7 may be different, the relationship between SEMFe and AVS does not 
change.
Table 4: Mean AVS and total sulfur concentrations for Pond-A lake bed sediment 
cores.
Relative Diff. 
b/w AVS 
Duplicates
Mean PRD
Water
Depth
Mean Duplicate 
AVS Content
Total
Sulfur
(3.5%! of 3 
Total Sulfur 
Duplicates
% AVS of 
Total Sulfur
Sample
Name Meters pg/g dry wt. + Pg/g dry wt.
pg/g dry 
wt.
Expressed as + 
Mg/g dry wt.
Percent
SPA-1 4.83 2970 1.64 4100 143 72%
SPA-2 5.06 2500 1100 3070 107 82%
SPA-3 4.27 900 113 2100 73.6 43%
SPA-4 1.50 1680 405 3540 124 47%
SPA-5 4.27 1070 72.2 2320 81.2 46%
SPA-6 4.57 1840 342 2830 99.1 65%
SPA-7 1.52 436 28.6 7130 249 6.1%
SPA-8 2.87 3130 202 3710 130 84%
SPA-9 2.03 1 2720 82.8 4460 156 61%
Mean 3.44 1920 189 3700 129 52%
STDEV 1.46 973 155 1500 52.7 24%
Student T-test result comparing total sulfur and AVS returned a p value of 0.0224
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Figure 4: AVS and total sulfur concentrations for Pond-A lake sediment cores. Sample error bars 
represent the relative difference between method duplicates for AVS and the average PRD for total 
Sulfur. The error bars of mean AVS and Total Sulfur concentrations are calculated at the 95% 
confidence Interval.
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Figure 5: Concentration of total sulfur as a function of AVS present in Pond-A lake sediment cores, 
(a) includes sample SPA-7 in regression, and (b) excludes sample SPA-7 from regression. Error bars 
represent the variability within method duplicates (RD for AVS and mean PRD (+3.54%) for total 
sulfur).
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Figure 6: SEM and total iron concentrations for Pond-A lake sediment cores. Sample error bars 
represent the relative difference between method duplicates for SEMFe and the average PRD for total 
iron. The error bars of mean SEMFe and total iron concentrations are calculated at the 95 % 
confidence Interval. i
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Figure 7: Concentration of total Fe as a function of SEMFe present in Pond-A lake sediment cores, (a) 
includes sample SPA-7 in regression, and (b) excludes sample SPA-7 from regression. Error bars 
represent the variability within method duplicates (RD for SEMFe and Mean PRD (±5.35%) for total 
Fe).
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Figure 8: Concentration of total Fe as a function of total sulfur present in Pond-A lake sediment 
cores, (a) includes sample SPA-7 in regression, and (b) excludes sample SPA-7 from regression. 
Error bars represent the variability within method duplicates (Mean PRD ±5.35% and ±3.54% for 
total Fe and sulfur, Respectively).
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Figure 9: Concentration of SEMFe as a function AVS present in Pond-A lake sediment cores, (a) 
includes sample SPA-7 in regression, and (b) excludes sample SPA-7 from regression. Error bars 
represent the relative difference between method duplicates.
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Table 5: Concentrations of metals commonly associated with sulfide minerals within aqua 
regia and SEM digest solutions. Unless noted otherwise, n-values equal 12 and 18 for the 
aqua regia and AVS mean metal concentrations, respectively.
Sulfide Associated Element Mean Aqua Regia 
Metals (pg/g dry wt.)
Mean SEM 
Digest Metals 
(pg/g dry wt.)
Ratio of Aqua 
Regia to SEM 
Digest
p-value 
for unpaired 
t-test
Arsenic 8.01 1.07 (n=l) 7.5 NA
Cadmium 0.51 (n=7) 0.18 2.8 < 0.0001
Cobalt 6.84 1.90 3.6 < 0.0001
Copper 17.17 BD (~ < 0.1) 171 NA
Iron 15,000 4,460 3.4 < 0.0001
Mercury BD BD NA NA
Manganese 277 190 1.5 < 0.0001
Molybdenum 1.76 (n=l) BD (~ < 0.4) 4.4 NA
Nickel 15.0 4.00 3.8 < 0.0001
Lead 10.9 8.20 1.3 < 0.0003
Antimony BD BD NA NA
Selenium 0.23 0.042 (n=2) 5.5 NA
Tin BD BD NA NA
Zinc 46.7 22.0 2.1 < 0.0001
Sum of all S2' associated 15,400 4,680 3.3 NAelements
Sum of S2' elements not 384 227 1.7 NAincluding Fe
Fe as % of all S2" associated 98% 95% NA NAelements
Table 6: Mean AVS and SEMFe concentrations for Pond-A lake bed sediment cores.
AVS 
pmol/g dry wt.
SEMpe 
pmol/g dry wt.
AVS/SEMFe
Sample Name Water Depth (meters) Mean RD Mean RD Ratio
Combined
Error
SPA-1 4.83 93.0 6.96 82.5 0.28 1.1 0.1
SPA-2 5.06 70.0 21.3 85.3 11.2 0.8 0.3
SPA-3 4.27 28.1 3.52 57.3 10.1 0.5 0.1
SPA-4 1.50 52.4 12.7 56.4 2.91 0.9 0.2
SPA-5 4.27 33.4 2.26 52.6 1.93 0.6 0.0
SPA-6 4.57 57.5 10.7 66.5 2.24 0.9 0.2
SPA-7 1.52 13.6 0.89 41.9 1.52 0.3 0.0
SPA-8 2.87 97.7 6.31 96.2 1.26 1.0 0.1
SPA-9 2.03 85.0 2.59 77.0 0.78 1.1 0.0
Mean 3.44 59.0 7.46 68.4 3.58 0.81 0.11
STDEV 1.46 29.9 6.51 17.9 4.09 0.28 0.09
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AVS and SEM Analytical Model
All SEM/AVS ratios within Pond-A lake bed sediment cores were considerably 
lower than one (Figure 10). SEM/AVS ratios ranged from 0.005 to 0.031 (mean 0.011) 
(Table 7). Excluding sample SPA-7, the SEM/AVS ratios measured within the sediment 
cores were < 0.015. SPA-7 had the highest SEM/AVS ratio as a result of a relatively low 
AVS concentration not a high SEM value (Tables 7 and 8).
SEMtoxic concentrations were dominated by SEMZn, which accounted for > 72% 
of the total SEMtoXic (SEMt0Xic = Cd + Cu + Ni + Hg + Pb + Zn) (Table 8). The most 
abundant individual SEMt0Xic elements after Zn in order from highest to lowest 
concentration were Ni, Pb, and Cd (Table 8). SEMcu was not detected in the AVS digest 
solution. SEMjot concentrations ranged from 0.33 to 0.60 pmol/g dry wt. within the 
sediments of Pond-A (Table 8). Relative to both SEMtoXic and other SEM measured, the 
highest concentrations of SEM from greatest to least were SEMpe, SEMmh and SEMzn 
(Tables 5 and 8).
Due to the relatively high concentrations of AVS compared to SEM, it is not 
likely that SEM are present in the sediment pore water of Pond-A (Casas and Crecelius, 
1993; Liber et al., 1996). Furthermore, assuming that the predictive capabilities and 
assumptions of the SEMrAVS model are representative of the lake bed sediments 
contained within Pond-A (SEM/AVS ratios all < 1) should not be toxic to benthic 
organisms. Although this statement is likely to be true for Pond-A sediments, it is not 
likely that the SEMrAVS model provides enough scientific evidence to support its 
predictions. However, the concentrations of SEMZn (0.24 to 0.46 pmol/g dry wt.), which
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dominates SEMtot at Pond-A are orders of magnitude lower than those reported (13 and 
16 pmol/g dry wt.) to negatively effect and bioaccumulate within selected species of 
benthic invertebrates in a metal contaminated environment (Upper Clark Fork River 
Drainage, Montana) (Besser et al., 1995) (Table 8). In contrast, the concentrations of 
SEMzn at Pond-A are similar to those reported for an uncontaminated environment (0.2 
pmol/g dry wt.) in which bioassays indicate no negative impacts or bioaccumulation 
within selected species of benthic invertebrates (Rock Creek Drainage, Montana) (Besser, 
et al., 1995). Therefore, it is likely that the SEMtoXic metals (primarily SEMzn) will not 
negatively effect the benthic communities that may exist at Pond-A.
Relative to both SEMt0Xic and other SEM, the highest concentrations of SEM 
present within the SEM digest solution (SEMFe, SEMMn and SEMzn) agrees with the 
relatively highest concentrations of dissolved metals (Fe, Mn and Zn) entering the lake 
through the groundwater system and via surface runoff (Table 2). Additionally, these 
elements are either not detected (i.e. Zn) or on average present at lower concentrations 
within the water column of Pond-A (Table 2). These relationships indicate, that it is 
likely that the AVS present in the sediments of Pond-A are removing these elements from 
the dissolved system and accumulating them as metals sulfides within the sediments of 
Pond-A. It is hypothesized that Fe, Mn and Zn entering the lake through the groundwater 
system and passing through the AVS rich lake bed sediments are either being scavenged 
by sulfides (at pH’s > 7 species present as H S) produced through sulfate reduction (see 
reaction type 5) or reacting with iron monosulfides present in the lake sediments (see 
reaction type 4).
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SO2' + M 2+ + 2C(org) -> M S I +2C 02 (5)
In either reaction, Fe, Mn and Zn will be precipitated and lost into Pond-A sediments as 
insoluble metal sulfides(s). This mechanism would explain the relatively high 
concentrations of SEMpe, SEMmh and SEMZn present in the sediments of Pond-A relative 
to other metals that are present at relatively insignificant levels within both the dissolved 
system or lake bed sediments (Tables 2, 7 and 8). Similarly, when lake water is 
discharged through the lake bed sediments of Pond-A to the adjacent spoil aquifer it is 
likely that the AVS rich sediments will scavenge these metals from the dissolved system 
of Pond-A through either reactions types 4 or 5 which supports additional sediment metal 
accumulation. Although these conclusions support the aqueous and sediment chemistry 
observed at Pond-A, it is important to note that the 1 N AVS digest does not completely 
digest all metal sulfides associated with SEMtoXic (Cooper and Morse, 1998).
According to recent laboratory study performed by Cooper and Morse (1998), it 
was determined that the only metal sulfides that are completely extracted by a 1.0 N HC1 
digestion are Cd, Pb, Zn and Fe sulfides. Other SEMtoXic that were previously thought to 
be extracted by the AVS digest such as Cu, Ni and Hg sulfides were only partially 
extracted (range 1% - 25%). Therefore, in order to better determine if Cu, Ni and Hg are 
associated with AVS minerals a stronger or different digest may be necessary. In 
comparison to this study, the more rigorous aqua regia digest resulted in a significant 
increase in Cd, Cu, Ni, Pb, and Zn (p values < 0.0003) concentrations (Table 5). The
concentrations of the potentially more SEM soluble sulfides Cd, Cu and Pb exhibited a 
smaller overall increase (1.3 to 2.8 times) between the digests than those (Cu and Ni) 
reported to be less SEM soluble (3.8 to 17 times). Although the mineralogy of the lake 
sediments is unknown, it is possible that the greater increase in Cu and Ni concentrations 
are a result of their relatively insoluble behavior in the AVS digest versus the aqua regia 
digest (Cooper and Morse, 1998).
Table 7: Mean concentrations of AVS and SEM; and SEM:AVS ratios present in 
the lake sediments cores of Pond-A. Values and detection limits are corrected for 
both method and ICAPES analysis dilution factors._____________________________
SEM 
pmol/g dry wt.
AVS 
pmol/g dry wt. SEM/AVS
Sample Name Mean MeanRD Mean RD Ratio
Combined
Error
SPA-1 0.45 0.02 92.95 1 0.28 0.005 0.0003
SPA-2 0.47 0.04 70.1 21.8 0.007 0.0017
SPA-3 0.39 0.08 28.13 3.52 0.014 0.0033
SPA-4 0.42 0.04 52.35 12.66 0.008 0.0021
SPA-5 0.33 0.03 33.42 2.26 0.010 0.0012
SPA-6 0.37 0.01 57.52 10.70 0.007 0.0012
SPA-7 0.42 0.03 13.61 0.89 0.031 0.0028
SPA-8 0.60 0.05 97.71 6.31 0.006 0.0006
SPA-9 0.58 0.03 85.03 2.59 0.007 0.0004
Mean 0.45 0.04 58.98 6.78 0.011 0.0015
Standard Dev. 0.09 0.02 29.93 7.08 0.008 0.0011
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Table 8: Concentrations of mean SEM present in SEM digest solutions. Values and 
detection limits are corrected for both method and ICAPES analysis dilution 
factors.
SEMqj
(pmol/g)
SEMqi
(pmol/g)
SEMHg
(pmol/g)
SEMNi
(pmol/g)
SEMpb
(pmol/g)
SEMZ„
(pmol/g)
SEM70XiC
(pmol/g)
% SEMZn 
of
SEMjoxic
Sample
Name
SPA-1 0.002 < 0.001 <0.71 0.077 0.041 0.326 0.45 73%
SPA-2 0.002 < 0.002 < 1.15 0.080 0.047 0.338 0.47 13%
SPA-3 0.002 < 0.001 <0.74 0.055 0.028 0.304 0.39 78%
SPA-4 0.002 < 0.001 <0.83 0.062 0.031 0.325 0.42 78%
SPA-5 0.001 < 0.001 < 1.00 0.058 0.033 0.236 0.33 72%
SPA-6 0.002 < 0.001 < 1.08 0.062 0.035 0.276 0.37 74%
SPA-7 0.001 < 0.002 <1.03 0.053 0.043 0.320 0.42 77%
SPA-8 0.002 < 0.002 < 1.23 0.093 0.053 0.449 0.60 75%
SPA-9 0.002 < 0.001 <0.85 0.072 0.048 0.461 0.58 79%
Mean 0.002 NA NA 0.068 0.040 0.337 0.446 75%
Standard
Dev. 0.0004 NA NA 0.013 0.009 0.074 0.091 3%
l
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Figure 10: SEM/AVS ratios for sediment cores collected at Pond-A.
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Mineral-Water Equilibrium Model
Thermodynamic equilibrium calculations for Pond-A waters were determined 
using the geochemical computer model MINTEQA2 (Allison et al., 1991). Calculations 
results produced saturation indices (SI) of minerals that might be reacting in the water 
column of Pond-A. The model was run independently for each sampling event (fall, 
winter, spring and summer) according to the average concentrations of dissolved 
elements, pH, total inorganic carbon and temperature measured (see Appendixes C, D, E, 
F and H).
Saturation indices suggest that the water column of Pond-A is saturated with 
respect to the following minerals: barite (BaSO^, dolomite (CaMg(COs)2), magnesite 
(MgCC>3) and ZnSiC>3 . Dolomite, magnesite and ZnSiC>3 are only saturated in the water 
column of Pond-A according to data collected during the fall and summer sampling 
events. Saturation indices calculated for calcite (CaCOs) indicate slight undersaturation 
(SI -0.019 to -0.378).
It was reported by Phillips and Wheaton (1999) that the following elements are 
acting conservatively within the water column of Pond-A: Cl', Mg, SO,*2', Na and Li. 
Therefore, it is unlikely that minerals containing these element are precipitated within the 
water column of Pond-A. However, it is possible that calcite is forming in the water 
column of Pond-A. Calcite precipitation and coprecipitation of transition metals offers a 
less dominant but, additional explanation for lower dissolved metal (Fe and Zn) 
concentrations within the water column of Pond-A relative to source waters (runoff and
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groundwater) (Crocket and Winchester, 1966; Kinsman and Holland, 1969; Okumura 
and Kitano, 1986; Terakando and Masuda, 1988; Meece and Benninger, 1993).
Summary and Conclusions
Pit Lake Sulfide Chemistry
The results of this study indicate that it is likely that both pyrite and metal sulfide 
(mainly iron monsulfides) formation are occurring within the recent sediments of Pond- 
A. The relative concentrations and positive correlation between AVS and total sulfur 
concentrations indicate that a large portion (~51%) of the sulfur present within the 
sediments of Pond-A are AVS minerals. Furthermore, the dominance of Fe relative to 
other sulfide forming elements measured in both the SEM and aqua regia digest solutions 
support the conclusion that the primary sulfide mineral phases within Pond-A as reported 
by others (Berner, 1970; Morse et al., 1987; Urban, 1994; Ohem et al., 1997) are iron 
sulfides, most commonly amorphous FeS and pyrite (Table 5). Although, this work did 
not directly measure the pyrite content of the Pond-A sediments it is likely that the sulfur 
not represented by AVS (~49%) is mainly associated with pyrite. This conclusion is 
based on the assumption that organic sulfur does not represent a significant portion of the 
total sulfur; and the relative absence (to iron) of sulfide forming elements within the aqua 
digest solution and surface and groundwaters of Pond-A (Tables 2 and 5).
In most lake systems, pyrite is the most abundant sulfide mineral (Morse et al., 
1987; Urban, 1994). The results of this study suggest that meta-stable iron monosulfides
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(AVS) are as common as the more stable sulfide form (pyrite) in the recent sediments of 
Pond-A. This result is likely a consequence of the limited depth in which the sediments 
were evaluated at Pond-A and can not be generalized to represent all Pond-A sediments. 
According to Leonard et al. (1993), Davison et al. (1985) and Nriagu and Soon (1985), 
sedimentary AVS concentrations increase with depth to approximately 15 - 20 cm and 
decrease thereafter up to 60 cm (total core depth); and Huerta-Diaz et al., (1993) found 
that AVS concentrations are highest in the top 5 to 7 cm and decrease to 15 cm (total core 
depth). In contrast, pyrite concentrations have been reported to increase with depth 
(Bemer 1970; Bemer, 1980). Therefore, it is likely that the top 15 cm of Pond-A 
sediments contain relatively lower pyrite concentrations as a result of higher rates of 
AVS formation within the upper sediments (Berner, 1980, Davison et al., 1985). 
However, if the pyrite that is stored in the recent sediments of Pond-A was formed 
through sulfate reduction process as described by reactions (1 - 3), then the pyrite present 
in the sediments of Pond-A could represent a net gain in lake alkalinity. However, this 
study is not able to determine if the pyrite formation that may be occurring in the 
sediments of Pond-A provide a significant contribution to Pond-A alkalinity. In order to 
determine if sulfate reduction and the subsequent formation of AVS and pyrite 
contributes to lake alkalinity, it would be necessary to know the background sedimentary 
pyrite concentrations entering the lake through sedimentation (allchthonous pyrite). If 
there is a significant difference between allchthonous and total lake pyrite content, the 
difference in concentration could be used to estimate gains in lake alkalinity through 
authigentic pyrite formation.
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In contrast to other freshwater environments, the anoxic sediments at Pond-A 
contain AVS concentrations similar to those reported to be found in marine 
environments. The major factor controlling the concentrations of AVS in lake sediments 
is the rate of sulfate reduction to sulfide and the availability of dissolved Fe (Urban, 
1994). In most freshwater environments, the rate of sulfate reduction is limited by 
aqueous sulfate concentrations (Urban, 1994; Giblin, 1990). However, unlike most 
environments, the concentrations of sulfate present in the water column of Pond-A are 
two to three orders of magnitude greater than typical freshwater sulfate concentrations. 
Therefore, it is feasible that other factors (most likely organic carbon supply) are limiting 
the rate of sulfate reduction within the sediments of Pond-A (Bemer, 1970; Bemer, 1971; 
Kuivila and Murray, 1984; Carignan, 1985). However, I suspect that the observed AVS 
enrichment at Pond-A is a function of the uncharacteristically high freshwater sulfate 
concentrations present in the water column of Pond-A (Leonard et al., 1993; Urban, 
1994). Furthermore, the sulfate concentrations within Pond-A are large enough that the 
sulfate removed through dissimilatory reduction does not significantly alter the 
concentrations of sulfate entering the lake through the groundwater and surface runoff; 
and is reported to act conservatively in the system (Phillips and Wheaton, 1999).
According to Bemer (1971), the three main factors that control iron sulfide 
formation (reactions 1 and 2) are the concentrations and reactivity of iron compounds, the 
availability of dissolved sulfate and the concentrations of organic compounds. If 
dissolved Fe, sulfate and reactive iron (i.e. AVS) were limiting the rate of iron sulfide 
formation at Pond-A it would be not likely that Fe(aq) would be present in the water
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column and a large pool of AVS in the recent sediments (Tables 2 and 4). Therefore, it is 
possible that organic carbon concentrations are limiting the formation of iron sulfides at 
Pond-A, or the formation of iron sulfides through reactions 1 - 3  may only be limited by 
their kinetics (Berner, 1970). The supply of organic carbon to Pond-A is likely to be 
controlled by the emergent vegetations that ring approximately 15 % of the total lake 
area. In most freshwater systems sulfate rather than organic carbon supply limit 
dissimilatory sulfate reduction thus iron sulfide formation in lakes (Kuivila and Murray, 
1984; Carignan, 1985). However, in order to support this hypothesis it would be 
necessary to measure the organic carbon concentrations at Pond-A. The measurement of 
organic carbon is necessary in order to sufficiently evaluate what factors may be limiting 
sulfate reduction, thus iron sulfide formation at Pond-A (Urban, 1994).
Trace Metal Fate and Accumulation
Although, the aqueous chemistry of the waters recharging Pond-A (low or non- 
detectable amounts of sulfide forming elements) do not promote the significant or 
potentially toxic accumulation of trace metal sulfides through reaction types 4 and 5, it is 
likely that these reactions are responsible for the accumulation of the relatively high 
concentrations of SEM Fe, Mn and Zn within the sediments of Pond-A compared to other 
metals present in the system (Table 2). It is also likely that relative to the surface water 
and groundwater that recharge Pond-A lower dissolved concentrations of Fe, Mn and Zn 
present in Pond-A are at least partially explained through metal sulfide precipitation. For 
example, it is likely that dissolved metals entering the lake through the groundwater
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system are removed via metal sulfide precipitation reactions within the lake bed 
sediments prior to entering the Pond-A water column. Therefore, metals such as Fe, Mn 
and Zn present in the coal aquifer are not contributing to the metal chemistry of Pond-A. 
It is hypothesized that the groundwater, which accounts for approximately 75% of the 
chemistry is diluting the metals entering the lake through surface runoff.
The large pool of AVS and low SEM characteristics (SEM/AVS < 0.031) in a pit 
lake such as Pond-A indicate that the system has the ability to effectively bind and trap 
additional inputs of toxic trace metals, such as Cd, Cu, Hg, Ni, Pb and Zn. However, 
even if a coal pit lake has the ability to effectively bind and trap additional metals, the 
question still remains, would these metals accumulate to levels that may become toxic to 
the organisms living in these sediments? If the SEM/AVS model was shown to be 
accurate for all systems and organism types the answer would be not until the ratio of 
SEM to AVS exceeds one. However, recent research indicates that the reactions that 
occur through sediment ingestion rather than free metal exposure are not explained by the 
SEM/AVS model (Lee et al., 2000). Therefore, the removal of metals in pit lakes and 
other aqueous environments through AVS production and metal sulfide precipitation may 
benefit the aqueous chemistry of a river, wetland or lake (e.g. by lowering dissolved 
metal concentrations to acceptable levels) but in turn may sacrifice the quality of the 
sediments by accumulating of toxic levels of trace metals. In essence, the process of 
trace metal remediation by establishing an SRB community may not benefit all aquatic 
environments in all situations, such as in acid mine drainage remediation (Hammack, 
1992). For example, if a pit lake has low dissolved metals as a result of AVS production
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and metal sulfide precipitation, but as a result levels of SEMt0Xic that are accumulating 
within the pit lake approach those present in aquatic environments in which metals have 
been shown to bioaccumulate within benthic invertebrates, it may not be advisable to 
develop a pit lake as a fishery. This application would increase the likelihood for further 
metal bioaccumulation within the food chain, which may affect the growth and 
reproduction of multiple organisms.
Suggestions and Future Work
The results of this study indicate the AVS and SEM method in conjunction with 
the a “total” digest method (i.e. EPA method 3050B or the microwave aqua regia 
method) can be used as tools to assist in the explanation of sulfide sediment chemistry 
dnd the fate and accumulation of trace metals within certain aqueous systems. In 
addition, it may also be possible to better assess the toxic condition of anoxic sediment by 
looking at both SEM/AVS ratios and by comparing the concentrations of SEMtoXic to 
other aquatic environments in which sediment metals have been shown to effect benthic 
organisms (toxicity or bioaccumulation). This comparison may provide some indication 
of how organisms are affected even if SEM/AVS ratios predict that a sufficient pool of 
AVS is present to sequester pore water trace metals. In addition, it is also possible that 
the 1 N SEM digest alone, better represent the mildly acidic and oxidizing gut of benthic 
invertebrates than a total metal digest, thereby providing better predictions of the metal 
concentrations that may be released within an organisms when sediments are ingested. 
Similarly, it may be possible to better simulate the gut fluids of selected benthic
organisms by creating a digest that is more similar to gut fluid chemistry (e.g. includes 
ligand exchange reactions). A possible area of future research is to design a method that 
incorporates this aspect of metal sediment ingestion in order to account for this apparent 
flaw in the AVS and SEM design for certain organisms. By including this aspect of 
sediment toxicity stronger predictions could be maid on the bioavailability of toxic trace 
metals in anoxic bottom sediments.
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Chapter 2. 
Selenium Concentrations in the Sediment, Groundwater and 
Surface Water at a Coal-Mine-Pit-Lake in Southeastern 
Montana
Introduction
Elevated concentrations of selenium (Se) in the environment (sediments, plants, 
and water) can concentrate in and/or become toxic to animals (Lakin, 1973). However, a 
certain amount of selenium (40 -  100 ppb) in the diet is necessary for good health (Lakin, 
1973). The toxic range for human beings falls ranges between 0.8 mg and 2.4 mg per day 
(Wilber, 1983). A major route in which Se is exposed the terrestrial environment is 
through its association with coal and shales, which are typically enriched in Se (Wilber, 
1983). Selenium from Se rich coals and shales can be concentrated in the terrestrial 
environment by several natural and anthropogenic routes: 1) Vegetation can metabolize 
Se in seleniforous soils that form above shales, coals, or mine spoils (Wilber, 1983). 2) 
Exposure of undisturbed coal and shale to surface oxidizing conditions through surface 
mining processes can increase the potential for soluble Se to be released into nearby 
surface and groundwaters (Vance et al., 1998). 3) Se can be emitted as vapor or as small 
unfilterable particle from coal fired power plants (Wilber, 1983). 4) Se can be 
incorporated and concentrated into the living tissues of animals through particle 
inhalation and consumption of Se rich waters and vegetation (Wilber, 1983).
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In response to a possible source for selenium, low-level selenium analysis was 
conducted at coal-mine-pit-lake (Pond-A) in southeastern Montana (approximately 7 km 
south of the city of Colstrip) (see previous chapter). The pit lake is located in the Powder 
River structural basin, which have been shown to contain elevated levels of Se in both 
coal and overburden (Vance et al., 1998). In addition, the study pit lake is located 
approximately 6  km south of a coal fired power plant. This work was performed in order 
to evaluate the levels and spatial distribution of selenium in the area of the pit lake. 
These areas were within the upgradient coal aquifer, downgradient spoil aquifer and 
within the pit lake waters and lake bed sediments. The lake bed sediments were digested 
by cold 1 N HC1 (SEM digest solution) and by a microwave aqua regia method (see 
previous chapter and Appendixes A and B). These two methods potentially represent the 
amount of bioavailable (if ingested) and total Se within the lake sediments, respectively. 
The 1 N HC1 acid digest may simulate the mildly oxidized and mildly acidic gut typical 
of benthic invertebrate gut fluids (Lee et al., 2000). Low-level analysis of Se was 
accomplished by Continuos-Flow Hydride-Generation Atomic-Absorption Spectrometry 
(HGAAS).
Methods
Water and Sediment Sampling
Water samples were collected for selenium analysis in June of 1998. All water 
samples were extracted through clean polyethylene tubing and filtered in-line through a
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0.45jim membrane filter using either a maxi-flex® peristaltic or a Grundfos Redi-Flo2® 
variable performance mini-submersible pump system (Barcelona, 1988). Lake samples 
were collected at various depths and locations within Pond-A (Appendix C, Figure Cl). 
Upgradient of the lake, groundwater samples were collected from wells drilled and 
finished in the Rosebud Coal aquifer, wells BS-30 and BS-31 (Appendix C, Figure C2). 
East of the lake, spoil aquifer water was sampled at one drilled wells (BS-38) finished at 
a depth of approximately 23 m and one 1 \A inch OD hand augured piezometers finished 
at a depth of approximately 4 m (PAW-3) just east of the lake shore (within 3 m) 
(Appendix C, Figure C2). Samples were extracted from the lake and PAW-3 using a 
maxi-flex® peristaltic pump. All other groundwater wells samples were collected using a 
Grundfos Redi-Flo2® variable performance mini-submersible. Field blanks were run on 
all tubing and filters types utilized. Before sampling, all groundwater wells were purged 
at least 4 bore hole volumes and/or until in line flow through cell measurements of DO 
and pH were stable (Barber and Davis, 1987; Barcelona and Helfrich, 1986; Garske and 
Schock, 1986). Sediment sampling and aqua regia and SEM digest procedures and 
analysis can be found in previous chapter and Appendix D.
Selenium Procedure and Analysis
In order to reduce the possible loss of selenium during storage, aqua regia and 
SEM digest solutions were analyzed for selenium concentrations within 3 to 4 days after 
digestion. Groundwater, surface water and digest solutions were prepared for Se analysis 
by adding 5.98 ml of sample to 6  ml of concentrated trace metal grade hydrochloric acid
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and 0.2 ml of 5% potassium persulfide into a acid washed 15 ml polypropylene 
centrifuge tube. This mixture attained the necessary final HC1 concentration of 6 N. 
Samples were then capped and heated in a 90 °C water bath for 40 min. After the 
samples were heated 0.5 ml of 5% sulfanilamide was added only to those samples that 
contained nitric acid. The addition of sulfanilamide is necessary to remove HNO3 
interference. To maintain a consistent 6 N HC1 concentration, the amount of sample added 
to the centrifuge tube was pre-adjusted to account for the expected addition of 
sulfanilamide. After the solutions were quickly cooled in a room temperature water bath, 
they were mixed by inverting the centrifuge tubes ten times. Immediately after mixing 
selenium concentrations were determined by continuous-flow hydride-generation atomic- 
adsorption spectrometry (HGAAS) (Rothery, 1984; Beach, L. M., 1992). The HGAAS 
was stabilized for at least one hour and conditioned by alternatively running the selenium 
blank and high standard for at least 1 0  min prior to beginning selenium analysis. 
Absorbance readings were recorded every 2 seconds for 12 seconds. Drift in the HGAAS 
was measured by analyzing the 1 ppb selenium check standard (CS-lppb) after every 5 
environmental samples. If drift became significant (>10%) a new standard curve was 
developed. Linear fit calibrations curves produced R2 values of 0.9989 and 0.9994 for 
7/16/98 analyses and 0.9997 and 0.9999 for 7/22/98 analyses (Appendix D, Figures D1 
and D2; Tables D1 and D2).
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Quality Assurance
Precision and accuracy of HGAAS selenium measurements were determined by 
the measurement of USGST143 and USGST145 reference water standards and multiple 
measurements of a 1 ppb check standard (CS-lppb). All measurements of USGST143 
and USGST145 were within the reported range of Se concentrations for these standards 
(Appendix D, Table D3). The %RSD of multiple measurements of CS-lppb were 4.02% 
(n=5) and 4.17% (n=3) for Se measurements made on 7/16/98 and 7/24/98, respectively 
(Appendix D, Table D4 and D5). The average drift of CS-lppb was 9% on 7/16/98 and 
6 % on 7/24/98 (Appendix D, Table D4 and D5).
The accuracy of total selenium recovery by the aqua regia digest was determined 
by the digestion and analysis of a sediment check standard (USGSRefSed2). The 
concentrations of measured and reported total selenium for USGSRefSed2 were within 
1% of each other (Appendix D, Table D3).
Method duplicates were used to determine the precision of the cold 1 N HC1 and 
aqua regia digest solutions. Replicate selenium concentrations were below detection in 
the SEM digest solutions and could not be compared (Appendix D, Table D4). 
Replication among aqua regia duplicates were variable. Percent relative differences 
between the duplicates ranged from 3 to 44 % RD (mean 18 % RD) (Appendix D, Table 
D6 ). The aqua regia method blank indicated that no Se contamination occurred in the 
digestion procedure (Appendix D, Table D5).
Results and Discussion
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Dissolved selenium concentrations were not detected (< 2 ppb) in Pond-A or in 
the adjacent coal and spoil aquifers (Table 1). Digested Pond-A lake sediments contained 
measurable concentrations of Se in both the SEM and aqua regia digest solutions (Table 2 
and 3). Most selenium concentrations measured within the SEM digest solutions were 
below method detection limits (28 to 50 ppb), however two of the nine solutions 
contained a mean Se concentration of approximately 43 ppb (Table 2). It is important to 
note that the Se concentrations measured in these two samples were near the HGAAS 
detection limit. Selenium was detected in all the aqua regia digest solutions. The
concentrations of Se within aqua regia digest solutions ranged from approximately 136 to
1
408 ppb (mean 225.8 ppb) (Table 3).
Low level analysis of Se performed on the surface and groundwater samples 
collected in the area of Pond-A indicate that dissolved Se concentrations (< 2.1 ppb) are 
below the upper limit for safe drinking water, which is considered to be 10 ppb (Wilber, 
1983). The low levels of Se found in the SEM digest solutions (~ 43 ppb) were within 
the reported range for beneficial dietary Se uptake (Lakin, 1973). Relative to the 
concentration of Se reported for crustal material (50 ppb), the concentrations of Se 
present in aqua regia digest solutions are enriched in Se by approximately 450% (range 
273% -  816%) (Table 3) (Lakin, 1973). However, the “total” Se present (~ 226 ppb) in 
Pond-A lake bed sediments (aqua regia digest solutions) are well below the Se levels in 
which sediments are thought to become hazardous to fish and wildlife (4 ppm) (Lakin,
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1973; Lemly, 1995). This concentration (4 ppm) is also used as a cleanup goal for U.S 
Fish and Wildlife Service remediation plans (Zhang, 1997). In addition the “total” 
amount of Se present in the sediments of Pond-A are below the reported concentrations 
of Se found in U.S. Coals (Table 4). However, total Se concentrations do fall within the 
reported range for overburden material (above coal seam) in the Powder River Basin (0.1 
to 3.8 ppm) (Vance et al., 1998).
Conclusions
It has been reported that Se concentrations in Montana coal have been greater
than 4 ppm and as high as 3.8 ppm (Table 4) within the Powder River Basin overburden.
1
This work shows that the Se concentrations in the area of Pond-A are well below these 
elevated levels and are at levels that do not indicate a significant environmental concern 
(Lankin, 1973). The non-detectable concentrations of Se in the groundwater and surface 
water at Pond-A indicate that the overburden and coal exposed to oxic conditions through 
the mining process are not initiating any significant mobilization of Se to the aqueous 
system. Non-detectable lake Se concentrations also indicate that it is unlikely that the 
lake is being impacted by the combustion of coal at the nearby coal fired power plant. In 
light of these conclusions, Se is not concentrating in the area of Pond-A or at levels that 
may be harmful to plants and animals.
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Table 1: Dissolved Se concentrations in Pond-A, coal aquifer and spoil aquifer.
Sample Name Date
Analyzed
Dissolved Se 
Cone, (ppb)
PA-CWS 7/16/98 < 2 . 1
PA-CWD 7/16/98 < 2 . 1
PA-CES 7/16/98 < 2 . 1
PA-CED 7/16/98 < 2 . 1
PA-CS 7/16/98 < 2 . 1
PA-CM 7/16/98 < 2 . 1
PA-CD 7/16/98 < 2 . 1
PA-ND 7/16/98 < 2 . 1
PA-SD 7/16/98 < 2 . 1
BS-30 7/16/98 < 2 . 1
BS-31 7/16/98 < 2 . 1
BS-38 7/16/98 < 2 . 1
BS-38 Dup 7/16/98 < 2 . 1
PAW-3 7/16/98 < 2 . 1
Table 2: SEM digest Se concentrations in PoJid-A lake bed sediments.
Sample Name DateAnalyzed
SEM Digest Se 
Cone, (ppb)
SPA-1 7/16/98 <28.9
SPA-2 7/16/98 55.3
SPA-3 A 7/16/98 <30.2
SPA-3 B 7/16/98 <27.8
SPA-4 7/16/98 <28.8
SPA-5 7/16/98 <40.5
SPA- 6 7/16/98 <43.6
SPA-7 7/16/98 <35.5
SPA- 8 7/16/98 <50
SPA-9 7/16/98 31.2
Mean 43.24
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Table 3: Aqua regia digest Se concentrations in Pond-A lake bed sediments.
Sample
Name
Date
Analyzed
Aqua Regia Digest 
Se Cone, (ppb)
% Enrichment 
Relative to 
Se Crustal 
Abundances
SPA-1 A 7/24/98 241 482%
SPA-1 B 7/24/98 226 453%
SPA-2 7/24/98 207 415%
SPA-3 7/24/98 151 303%
SPA-4 7/24/98 136 273%
SPA-5 7/24/98 167 335%
SPA-6 A 7/24/98 180 361%
SPA-6 B 7/24/98 186 372%
SPA-7 7/24/98 408 816%
SPA-8 A 7/24/98 244 488%
SPA-8 B 7/24/98 382 765%
SPA-9 7/24/98 179 359%
Mean 226 452%
Std. Dev. 86.0
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Table 4: Selenium content of U.S. coals. Modified from Lakin, 1973.
State
Number of 
Counties 
Sampled
Number of 
Samples Selenium Concentration, ppm
Low High Mean
Alabama 3 4 2.20 8.15 5.14
Colorado 2 3 1.25 2.05 1.65
Illinois 2 2 1.05 1.97 1.51
Indiana 3 4 1.41 8.36 3.96
Iowa 1 1 1.54 1.54 1.54
Kansas 1 1 2.27 2.27 2.27
Kentucky 4 5 1.71 4.82 3.13
Maryland 1 1 1.70 1.70 1.70
Missouri 1 2 3.41 4.98 4.19
Montana 3 3 2.20 4.11 3.04
New Mexico 2 2 4.43 4.82 4.62
North Dakota 1 1 0.98 0.98 0.98
Pennsylvania 4 4 2.64 7.30 4.62
Ohio 7 11 1.35 10.65 3.74
Tennessee 1 1 4.89 4.89 4.89
Utah 2 4 1.30 2.37 1.83
Virginia 2 4 2.24 6.13 4.37
Washington 1 2 0.46 0.66 0.56
West 12 30 0.92 6.80 3.36Virginia
Wyoming 1 1 3.43 3.43 3.43
Total 20 55 86 — — 3.36
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Appendix A
Acid Volatile Sulfides (AVS) and Simultaneously Extracted Metals (SEM) Analysis
Results
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Figure A l: Picture of 2-L deaeration vessel and AVS reaction vessel.
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Figure A2: Silver/sulfide ion selective electrode calibration curves and R: values. 
Concentrations were measured as sulfide.
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Table A l: Silver/sulfide ion selective electrode calibration standards and milli volt 
readings.___________________ ______________________ _________________________
Date: 6/13/98 Date: 6/15/98 Date: 6/17/98
Cone. (mg/L) MV Cone. (mg/L) MV Cone. (mg/L) MV
53.1 -775.5 106.2 -783.3 106.2 -783.1
106.2 -783.6 212 -792 212 -791.7
212 -792.1 318.6 -797 318 -796.5
318.6 -797.2 531 -802.1 531 -803
531 -803.1
Table A2: Gravimetric determination of percent dry weight for wet sediment AVS 
analysis. ________ __________ _____________________ ________ ______________
Sample
Name
Crucible Cruc.+ Wet 
Sed.
Cruc.+ Dry 
Sed.
Wet Sed. Dry Sed % Dry Average % 
Dry
Units Grams Grams Grams Grams Grams Percent for Dups
SPA-1 13.00 16.78 15.21 3.78 2.21 58.47% NA
SPA-2 12.53 15.62 14.44 3.09 1.91 61.81% NA
SPA-3 12.36 13.87 13.36 1.51 1.00 66.23% NA
SPA-3 Dup 11.25 12.96 12.39 1.71 1.14 66.67% 66.45%
SPA-4 13.25 15.71 14.65 2.46 1.40 56.91% NA
SPA-4 Dup 12.82 14.81 13.98 1.99 1.16 58.29% 57.60%
SPA-5 10.54 14.69 13.29 4.15 2.75 66.27% NA
SPA-6 12.13 14.23 13.39 2.110 1.26 60.00% NA
SPA-7 12.12 15.87 14.03 3.75 1.91 50.93% NA
SPA-7 Dup 10.13 13.18 11.72 3.05 1.59 52.13% 51.53%
SPA-8 12.85 14.81 13.97 1.96 1.12 57.14% NA
SPA-9 13.16 16.64 14.88 3.48 1.72 49.43% NA
SPA-9 Dup 12.91 15.18 14.01 2.27 1.10 48.46% 48.94%
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Table A3: Dry sediment and dilution factor determinations of AVS/SEM analysis.
Sample
Name
Date Acid + Syringe 
(grams)
Syringe
(grams)
Wet sed. 
(grams)
% dry Dry sed. 
(grams)
Acid 
Injected (g)
Dilution
Factor
SPA-1 A 6/18/98 85.58 34.67 6.12 58.47% 3.58 50.91 14.23
SPA-1 B 6/18/98 89.51 38.76 4.63 58.47% 2.71 50.75 18.70
SPA-2 A 6/18/98 85.08 34.67 3.55 61.81% 2.19 50.41 22.97
SPA-2 B 6/18/98 89.24 38.73 4.62 61.81% 2.86 50.51 17.69
SPA-3 A 6/18/98 84.27 34.69 5.01 66.45% 3.33 49.58 14.89
SPA-3B 6/18/98 85.16 34.79 5.53 66.45% 3.67 50.37 13.71
SPA-4 A 6/18/98 85.51 34.67 6.22 57.60% 3.58 50.84 14.19
SPA-4B 6/18/98 81.56 38.68 4.49 57.60% 2.59 42.88 16.58
SPA-5 A 6/18/98 85.03 34.53 3.82 66.27% 2.53 50.50 19.95
SPA-5 B 6/18/98 85.57 34.44 5.63 66.27% 3.73 51.13 13.71
SPA-6A 6/18/98 84.38 34.57 3.86 60.00% 2.32 49.81 21.51
SPA-6B 6/18/98 84.70 34.69 5.20 60.00% 3.12 50.01 16.03
SPA-7A 6/18/98 86.39 34.46 5.75 51.53% 2.96 51.93 17.53
SPA-7B 6/18/98 85.14 34.80 4.74 51.53% 2.44 50.34 20.61
SPA-8A 6/18/98 84.72 34.81 3.54 57.14% 2.02 49.91 24.67
SPA-8B 6/18/98 84.71 34.57 3.57 57.14% 2.04 50.14 24.58
SPA-9A 6/18/98 84.44 34.48 5.99 48.94% 2.93 49.96 17.04
SPA-9B 6/18/98 85.73 34.55 6.58 48.94% 3.22 51.18 15.89
Table A4: AVS method duplicate (A and B) mean values and percent relative 
differences.
Sample Date AVS (A) AVS (B) Mean PRD
Units pmol/g dry wt. pmol/g dry wt. pmol/g dry wt. Percent
SPA-1 6/17/98 92.79 93.10 92.95 0.3%
SPA-2 6/15/98 59.44 80.72 70.08 30.3%
SPA-3 6/13/98 26.37 29.89 28.13 12.5%
SPA-4 6/13/98 46.02 58.68 52.35 24.2%
SPA-5 6/17/98 34.55 32.29 33.42 6.7%
SPA-6 6/15/98 52.17 62.87 57.52 18.6%
SPA-7 6/13/98 13.17 14.06 13.61 6.6%
SPA-8 6/17/98 94.56 100.86 97.71 6.5%
SPA-9 6/15/98 83.74 86.33 85.03 3.0%
Mean % difference for AVS procedural duplicates 12.1 %
Table A5: Values, averages, and percent relative differences (PRD) of SEM method duplicate (A and B) analysis. 
Concentrations (pmol/g dry weight) are corrected for both SEM method (see Table A3) and ICAPES dilution 
factors.
Sample Name Fe(A) Fe (B) Average PRD Cd (A) Cd (B) Average PRD Ni (A) Ni(B) Average PRD
Units Umol/g pmol/g pmol/g percent gmol/g pmol/g pmol/g percent pmol/g gmol/g pmol/g percent
SPA-1 78.90 86.04 82.473 8.66% 0.002 0.002 0.002 DL 0.074 0.079 0.076 6.29%
SPA-2 79.68 90.89 85.283 13.14% 0.001 0.002 0.002 DL 0.074 0.085 0.079 13.85%
SPA-3 62.35 52.28 57.317 17.57% 0.002 0.001 0.002 DL 0.058 0.052 0.055 10.01%
SPA-4 54.98 57.89 56.438 5.15% 0.002 0.001 0.001 DL 0.060 0.064 0.062 5.95%
SPA-5 53.51 51.58 52.548 3.67% 0.001 0.001 0.001 DL 0.060 0.056 0.058 6.68%
SPA-6 67.62 65.38 66.503 3.37% 0.001 0.002 0.001 DL 0.062 0.061 0.062 1.95%
SPA-7 41.17 42.70 41.934 3.63% 0.001 0.001 0.001 DL 0.051 0.055 0.053 6.96%
SPA-8 95.56 96.82 96.192 1.31% 0.002 0.002 0.002 DL 0.091 0.094 0.092 2.48%
SPA-9 77.45 76.66 77.056 1.02% 0.002 0.002 0.002 DL 0.072 0.071 0.072 0.16%
Mean element PRD 6.39% 6.04%
Sample Name Pb (A) Pb (B) Average PRD Zn (A) Zn (B) Average PRD Mean SEM Mean PRD
Units pmol/g pmol/g pmol/g percent gmol/g gmol/g pmol/g percent pmol/g percent
SPA-1 0.040 0.042 0.041 3.71% 0.322 0.330 0.326 2.45% 0.445 5.28%
SPA-2 0.044 0.049 0.047 9.87% 0.336 0.339 0.338 1.08% 0.465 9.49%
SPA-3 0.030 0.025 0.027 20.81% 0.354 0.253 0.303 33.35% II °*387 20.43%
SPA-4 0.029 0.032 0.031 9.55% II 0.350 0.300 0.325 15.35% 11 0419 9.00%
SPA-5 0.034 0.031 0.032 9.26% | 1 0.259 0.213 0.236 19.84% 1I 0.327 9.86%
SPA-6 0.036 0.034 0.035 5.33% II °-273 0.279 0.276 2.14% 19 0.374 3.20%
SPA-7 0.041 0.045 0.043 10.28% I 1 0.311 0.328 0.319 5.47% II 0.416 6.59%
SPA-8 0.051 0.054 0.053 5.72% | 1 0.401 0.497 0.449 21.43% I1 0.596 7.74%
SPA-9 0.050 0.045 0.048 9.49% (1 0.443 0.479 0.461 7.65% I1 0.582 4.58%
Mean element PRD 9.34% H 12.08% 1
Mean SEM and PRD for all SEM Duplicates | 0.446 8.46%
Ovvo
Table A6: AVS concentrations and spike recoveries for Pond A lake bed sediments.
Sample Date Sample Depth Wet Sed. % dry Dry ISE Sulfide (AVS) Sulfide (AVS) Spike Cone. Spike Recovery
Units feet grams percent grams Mv mg/L gmol/g dry weight pmol/g percent
Deionized Water 4/10/98 NA NA NA 1.000 -676.0 0.022 0.007 NA NA
Method Blank 4/10/98 NA NA NA 1.000 -675.0 0.021 0.006 NA NA
SPA-1A 6/17/98 15.85 6.12 58.47% 3.578 -811.5 1062.489 92.795 NA NA
SPA-IB 6/17/98 15.85 4.63 58.47% 2.707 -808.1 806.432 93.097 NA NA
SPA-2A 6/15/98 16.60 3.55 61.81% 2.194 -799.7 417.381 59.440 NA NA
SPA-2B 6/15/98 16.60 4.62 61.81% 2.856 -806.4 737.661 80.722 NA NA
SPA-3A 6/13/98 14.00 5.01 66.45% 3.329 -795.5 280.932 26.372 NA NA
SPA-3 B 6/13/98 14.00 5.53 66.45% 3.674 -798.2 351.430 29.888 NA NA
SPA-4A 6/13/98 4.92 6.22 57.60% 3.583 -803.1 527.605 46.019 NA NA
SPA-4B 6/13/98 4.92 4.49 57.60% 2.586 -802.1 485.618 58.677 NA NA
SPA-5A 6/17/98 14.00 3.82 66.27% 2.531 -795.1 279.842 34.547 NA NA
SPA-5 B 6/17/98 14.00 5.63 66.27% 3.731 -799.0 385.516 32.292 NA NA
SPA-6 spike (0.05ml stock) 6/15/98 15.00 2.72 60.00% 1.632 -804.3 617.074 118.159 63.46 95.56%
SPA-6A 6/15/98 15.00 3.86 60.00% 2.316 -798.8 386.643 52.170 NA NA
SPA-6B 6/15/98 15.00 5.2 60.00% 3.120 -804.5 627.654 62.866 NA NA
SPA-7A 6/13/98 5.00 5.75 51.53% 2.963 -785.5 124.840 13.166 NA NA
SPA-7B 6/13/98 5.00 4.74 51.53% 2.443 -784.0 109.896 14.060 NA NA
SPA-8 spike (0.0320 ml stock 6/17/98 9.42 3.466 57.14% 1.981 -808.0 799.918 126.213 31.34 90.95%
SPA-8A 6/17/98 9.42 3.54 57.14% 2.023 -804.7 612.084 94.557 NA NA
SPA-8B 6/17/98 9.42 3.57 57.14% 2.040 -805.6 658.433 100.863 NA NA
SPA-9 spike (0.04ml stock) 6/15/98 6.67 5.76 48.94% 2.819 -812.5 1150.381 127.523 50.76 83.71%
SPA-9 A 6/15/98 6.67 5.99 48.94% 2.932 -807.9 785.555 83.738 NA NA
SPA-9B 6/15/98 6.67 6.58 48.94% 3.220 -809.4 889.606 86.326 NA NA
spike ref. 0.07 6/15/98 NA NA NA 1.000 -795.1 282.311 88.840 NA NA
spike ref. 0.0532 6/17/98 NA NA NA 1.000 -788.6 165.855 52.105 NA NA
Average % sulfide spike recovery 90.07%
Standard deviation 6%
o
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Table A7: Comparison of reported and measured values of USGST145 reference 
water standard
Reported 
Standard for 
USGST145
Element Al B Ba Be Ca Cd
No. of Msrmnts. 64 36 63 62 84 80
MPV (ppm) 0.0676 0.0456 0.0371 0.00904 30.7 0.00933
Range (2x f- 
pseudosigma) 0.022 0.0116 0.0038 0.0014 2.6 0.00164
Measured
USGST145
Mean (ppm) 0.0656 0.0433 0.0353 0.0091 30.5150 0.0088
Std.Dev. (n=6) 0.0141 0.0015 0.0020 0.0003 2.0200 0.0005
Comparison
Mean w/n 
Range Pass Pass Pass Pass Pass Pass
Lower Limit w/n 
Range Pass Pass Fail Pass Pass Pass
Upper Limit w/n 
Range Pass Pass Pass Pass Pass Pass
| . « . j ** „ ■
Reported 
Standard for 
USGST145
Element Cr Cu Fe K Li Mg
No. of Msrmnts. 78 84 89 83 36 85
MPV (ppm) 0.015 0.011 0.101 2.13 0.0273 8.68
Range (2x f- 
pseudosigma) 0.0028 0.0028 0.016 0.32 0.005 0.9
Measured
USGST145
Mean (ppm) 0.0099 0.0101 0.0955 2.05 0.0272 8.45
Std.Dev. (n=6) 0.0027 0.0006 0.0058 0.11 0.0010 0.38
Comparison
Mean w/n 
Range Fail Pass Pass Pass Pass Pass
Lower Limit w/n 
Range Fail Pass Pass Pass Pass Pass
Upper Limit w/n 
Range Pass Pass Pass Pass Pass Pass
* r * 1 -
Reported 
Standard for 
USGST 145
Element Mn Na Ni Si Sr Zn
No. of Msrmnts. 85 84 66 53 44 70
MPV (ppm) 0.0209 41.2 0.011 5.27 0.203 0.01
Range (2x f- 
pseudosigma) 0.003 3.8 0.0026 0.33 0.018 0.048
Measured
USGST145
Mean (mg/L) 0.0197 43.29 0.01152 5.26 0.1984 0.0096
Std.Dev. (n=6) 0.0007 1.16 0.00075 0.11 0.0065 0.0003
Comparison
Mean w/n 
Range Pass Pass Pass Pass Pass Pass
Lower Limit w/n 
Range Pass Pass Pass Pass Pass Pass
Upper Limit w/n 
Range Pass Pass Pass Pass Pass Pass
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Table A8: Percent relative standard deviation (%RSD) of the USGST145 water standard 
for SEM metals and Iron.
Sample Name Date Cd (mg/L) Cu (mg/L) Fe (mg/L) Ni (mg/L) Zn (mg/L)
USGST145 6/18/98 0.0096 0.0109 0.1035 0.0127 0.0098
USGST145 6/18/98 0.0089 0.01 0.1 0.012 0.0098
USGST145 6/18/98 0.0088 0.0099 0.0963 0.0105 0.0098
USGST145 6/18/98 0.0086 0.01 0.0942 0.0114 0.0095
USGST145 6/18/98 0.0083 0.0107 0.0921 0.0112 0.0095
USGST145 6/18/98 0.0083 0.0092 0.087 0.0113 0.0091
Average 0.00875 0.01012 0.09552 0.01152 0.00958
Std. Dev. 0.00048 0.00061 0.00584 0.00075 0.00028
%RSD 5.5% 6.0% 6.1% 6.5% 2.9%
Table A9: Concentrations of dissolved SEM metals and Iron in 
and detection limits are corrected for both method and ICAPES
Sample Name Date Dilution Cd Cu Fe Ni Pb Zn
Units 6/18/98 Factor ..tfppi/g îmol/g pmol/g pmol/g pmol/g pmol/g
Method Blank 6/18/98 0 < 0.00004 < 0.001 < 0.0003 < 0.0003 < 0.0003 0.0004
SPA-1A 6/18/98 14.23 0.002 < 0.001 78.90 0.074 0.040 0.322
SPA-1 B 6/18/98 18.70 0.002 < 0.001 86.04 0.079 0.042 0.330
SPA-2A 6/18/98 22.97 0.001 < 0.002 79.68 0.074 0.044 0.336
SPA-2B 6/18/98 17.69 0.002 < 0.002 90.89 0.085 0.049 0.339
SPA-3 A 6/18/98 14.89 0.002 < 0.001 62.35 0.058 0.030 0.354
SPA-3 B 6/18/98 13.71 0.001 < 0.001 52.28 6.052 0.025 0.253
SPA-4A 6/18/98 14.19 0.002 < 0.001 54.98 0.060 0.029 0.350
SPA-4B 6/18/98 16.58 0.001 < 0.001 57.89 0.064 0.032 0.300
SPA-5A 6/18/98 19.95 0.001 < 0.002 53.51 0.060 0.034 0.259
SPA-5B 6/18/98 13.71 0.001 < 0.001 51.58 0.056 0.031 0.213
SPA-6 A 6/18/98 21.51 0.001 < 0.002 67.62 0.062 0.036 0.273
SPA-6B 6/18/98 16.03 0.002 < 0.001 65.38 0.061 0.034 0.279
SPA-7A 6/18/98 17.53 0.001 < 0.001 41.17 0.051 0.041 0.311
SPA-7B 6/18/98 20.61 0.001 < 0.002 42.70 0.055 0.045 0.328
SPA-8A 6/18/98 24.67 0.002 < 0.002 95.56 0.091 0.051 0.401
SPA-8 B 6/18/98 24.58 0.002 < 0.002 96.82 0.094 0.054 0.497
SPA-9A 6/18/98 17.04 0.002 < 0.001 77.45 0.072 0.050 0.443
SPA-9B 6/18/98 15.89 0.002 < 0.001 76.66 0.071 0.045 0.479
pmol/g dry weight. Values 
analysis dilution factors.
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Table A10: Concentrations (p-g/g dry weight) of measured major and minor elements of 
SEM digest solution. Concentrations and detection limits are corrected for both method 
(see Table A3) and ICAPES dilution factors.__________________________________ -
Sample Name Date Ag A1 As B Ba Be Ca
Units Pg/g Pg/g Pg/g Pg/g pg/g Pg/g Pg/g
Method Blank 6/18/98 < 0.009 0.01 < 0.065 < 0.005 0.0087 < 0.001 0.03
SPA-1A 6/18/98 < 0.128 665.45 < 0.925 1.013 23.135 0.367 39497.60
SPA-1B 6/18/98 < 0.168 715.74 < 1.215 0.894 38.143 0.400 40984.63
SPA-2A 6/18/98 < 0.207 782.45 < 1.493 0.864 34.896 0.414 37491.57
SPA-2B 6/18/98 <0.191 886.40 < 1.379 0.845 41.172 0.466 35760.23
SPA-3A 6/18/98 < 0.134 480.02 1.075 0.824 13.696 0.334 43772.37
SPA-3B 6/18/98 < 0.123 394.11 < 0.891 0.753 12.106 0.284 37203.89
SPA-4A 6/18/98 < 0.128 433.08 < 0.922 1.855 18.504 0.242 47394.89
SPA-4B 6/18/98 < 0.149 458.10 < 1.078 1.878 20.741 0.264 46539.39
SPA-5A 6/18/98 < 0.180 538.45 < 1.297 1.067 16.130 0.282 38922.50
SPA-5B 6/18/98 < 0.123 531.21 < 0.891 1.117 14.486 0.278 38895.13
SPA-6A 6/18/98 < 0.194 530.58 < 1.398 1.093 19.216 0.302 37013.39
SPA-6B 6/18/98 < 0.144 545.78 < 1.0419 1.133 18.273 0.302 36802.23
SPA-7A 6/18/98 < 0.158 530.32 < 1.139 1.761 20.102 0.289 52874.56
SPA-7B 6/18/98 < 0.185 540.57 < 1.339 1.838 23.391 0.293 54325.19
SPA-8A 6/18/98 < 0.222 847.77 < 1.604 1.179 25.586 0.452 39180.76
SPA-8B 6/18/98 < 0.221 930.54 < 1.597 1.327 26.741 0.461 39374.65
SPA-9A 6/18/98 < 0.153 787.33 < 1.108 1.801 20.961 0.415 28732.54
SPA-9B 6/18/98 < 0.143 771.43 < 1.033 1.840 19.564 0.403 28988.12
Average Cone, in figlg NA 631.63 1.075 1.282 22.602 0.347 40208.53
Standard Deviation NA 167.96 NA 0.422 8.154 0.075 6799.55
% RSD NA 26.59% NA 32.91% 36.08% 21.57% 16.91%
Table A10: Concentrations (pg/g dry weight) of measured major and minor elements of 
SEM digest solution. Concentrations and detection limits are corrected for both method 
(see Table A3) and ICAPES dilution factors.
Sample Name Date Cd Co Cr Cu Fe Hg K Li
Units Pg/g Pg/g Pg/g Pg/g Pg/g Pg/g Pg/g Pg/g
Method Blank 6/18/98 < 0.005 <0.01 < 0.005 < 0.005 < 0.015 <0.05 <0.5 < 0.005
SPA-1A 6/18/98 0.239 2.17 1.497 < 0.071 5297.17 <0.71 195.1 0.802
SPA-1B 6/18/98 0.179 2.26 1.400 < 0.093 5642.87 <0.94 204.0 0.871
SPA-2A 6/18/98 0.147 2.46 1.436 <0.115 5067.79 < 1.15 206.6 0.946
SPA-2B 6/18/98 0.228 2.54 1.611 <0.106 6053.77 < 1.06 226.6 1.028
SPA-3A 6/18/98 0.200 1.79 1.336 < 0.074 4074.90 <0.74 133.8 0.603
SPA-3B 6/18/98 0.145 1.61 1.056 < 0.069 3396.88 <0.69 119.6 0.496
SPA-4A 6/18/98 0.176 1.36 1.183 < 0.071 3760.37 <0.71 163.3 0.536
SPA-4B 6/18/98 0.158 1.43 1.180 < 0.083 3896.24 <0.83 162.5 0.585
SPA-5A 6/18/98 0.096 1.67 1.327 < 0.100 3479.28 < 1.00 152.0 0.642
SPA-5B 6/18/98 0.145 1.57 1.464 < 0.069 3485.21 <0.69 149.7 0.621
SPA-6A 6/18/98 0.153 1.80 1.370 <0.108 4335.79 < 1.08 164.2 0.645
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Sample Name Date Cd Co Cr Cu Fe Hg K Li
SPA-6B 6/18/98 0.183 1.78 1.435 < 0.080 4233.22 <0.80 166.2 0.652
SPA-7A 6/18/98 0.138 1.23 1.370 < 0.088 2658.62 <0.88 155.2 0.825
SPA-7B 6/18/98 0.148 1.25 1.385 <0.103 2759.54 < 1.03 155.6 0.833
SPA-8A 6/18/98 0.229 2.49 1.646 <0.123 5975.81 <1.23 236.9 0.980
SPA-8B 6/18/98 0.246 2.60 1.738 < 0.123 6122.49 < 1.23 239.6 1.096
SPA-9A 6/18/98 0.218 2.11 1.500 < 0.085 4940.43 <0.85 191.7 0.891
SPA-9B 6/18/98 0.232 2.04 1.564 < 0.079 5018.89 <0.80 192.0 0.880
Average Cone, in jig/g 0.181 1.90 1.416 NA 4455.52 NA 178.6 0.774
Standard Deviation 0.043 0.45 0.170 NA 1106.53 NA 34.7 0.180
%RSD 23.83% 23.89% 12.01% NA 24.84% NA 19.41% 23.28%
Table A10: Concentrations (|xg/g dry weight) of measured major and minor elements of 
SEM digest solution. Concentrations and detection limits are corrected for both method 
(see Table A3) and ICAPES dilution factors.
Sample Name Date Mg Mn Mo Na Ni P Pb S
Units Mg/g Mg/g Mg/g Mg/g Mg/g Mg/g Mg/g Hg/g
Method Blank 6/18/98 < 0.005 < 0.005 <0.02 <0.1 <0.015 <0.01 <0.06 0.86
SPA-1A 6/18/98 10733.78 207.45 <0.28 120.4 4.330 445.91 8.325 512.50
SPA-1B 6/18/98 10863.17 224.74 <0.37 126.1 4.611 453.97 8.640 1914.61
SPA-2A 6/18/98 11146.39 238.23 <0.46 115.0 4.335 461.52 9.214 493.46
SPA-2B 6/18/98 10683.86 245.83 < 0.42 113.9 4.980 473.44 10.171 378.47
SPA-3A 6/18/98 13253.84 209.26 <0.3 88.4 3.394 410.17 6.270 335.40
SPA-3B 6/18/98 10205.71 181.50 <0.27 84.1 3.071 341.61 5.088 627.83
SPA-4A 6/18/98 10646.82 121.57 <0.28 132.1 3.545 380.15 6.038 470.97
SPA-4B 6/18/98 10679.03 122.34 <0.33 135.3 3.762 385.98 6.644 503.36
SPA-5A 6/18/98 11289.72 176.64 <0.4 90.2 3.525 447.08 6.990 384.44
SPA-5B 6/18/98 11217.64 172.27 <0.27 86.9 3.297 413.76 6.372 394.98
SPA-6A 6/18/98 9899.63 197.76 <0.43 108.8 3.656 397.45 7.452 923.72
SPA-6B 6/18/98 10111.00 187.06 <0.32 108.5 3.586 408.42 7.066 457.94
SPA-7A 6/18/98 12010.25 172.29 <0.35 120.9 2.997 465.13 8.393 634.95
SPA-7B 6/18/98 12002.65 170.93 <0.41 122.8 3.213 463.50 9.303 630.43
SPA-8A 6/18/98 11838.12 224.62 <0.49 128.1 5.359 541.57 10.656 1341.72
SPA-8B 6/18/98 11827.14 211.67 <0.49 135.8 5.493 527.45 11.284 573.91
SPA-9A 6/18/98 9995.04 178.60 <0.34 186.6 4.203 490.63 10.309 663.95
SPA-9B 6/18/98 9975.79 176.09 <0.32 185.6 4.196 479.16 9.375 845.96
Average Cone, in fig/g 11021.09 189.94 NA 121.6 3.975 443.72 8.199 671.59
Standard Deviation 899.19 34.20 NA 28.7 0.760 51.69 1.797 393.46
% RSD 0.08 0.18 NA 23.62% 19.13% 11.65% 21.92% 0.59
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Table A10: Concentrations (fxg/g dry weight) of measured major and minor elements of
SEM digest solution. Concentrations and detection limits are corrected for both method
(see Table A3) and ICAPES dilution factors.
Sample Name Date Sb Se Si Sn Sr Ti Tl V Zn
Units M-g/g Pg/g Pg/g Pg/g Pg/g Pg/g Pg/g Pg/g Pg/g
Method Blank 6/18/98 < 0.085 <0.08 0.0621 <0.03 < 0.005 < 0.005 <0.1 <0.01 0.026
SPA-1A 6/18/98 < 1.209 < 0.014 353.43 <0.43 82.10 2.190 <1.4 4.87 21.07
SPA-1B 6/18/98 < 1.589 < 0.019 387.41 <0.56 86.64 4.209 <1.9 5.20 21.60
SPA-2A 6/18/98 < 1.953 0.054 514.13 <0.69 56.47 5.948 <2.3 5.08 21.96
SPA-2B 6/18/98 < 1.803 < 1.7 555.68 <0.64 50.93 4.084 <2.1 5.45 22.20
SPA-3A 6/18/98 < 1.266 < 0.015 284.32 <0.45 43.97 2.955 <1.5 4.26 23.13
SPA-3B 6/18/98 < 1.165 < 0.014 226.05 <0.41 40.08 5.199 < 1.4 4.74 16.52
SPA-4A 6/18/98 < 1.206 < 0.014 217.39 <0.43 102.20 1.680 < 1.4 4.68 22.87
SPA-4B 6/18/98 < 1.409 < 0.016 251.52 <0.50 108.27 3.304 < 1.7 4.84 19.61
SPA-5A 6/18/98 < 1.696 < 0.020 322.79 <0.60 39.18 4.991 <2.0 4.44 16.96
SPA-5B 6/18/98 < 1.165 < 0.014 328.65 <0.41 37.72 2.261 <1.4 4.19 13.90
SPA-6A 6/18/98 < 1.828 < 0.021 298.30 <0.65 43.34 5.097 <2.2 4.61 17.86
SPA-6B 6/18/98 < 1.362 < 0.016 290.44 <0.48 42.75 3.427 <1.6 4.50 18.24
SPA-7A 6/18/98 < 1.49 < 0.017 341.40 <0.53 173.70 4.017 <1.8 4.83 20.31
SPA-7B 6/18/98 < 1.752 < 0.020 363.75 <0.62 185.19 5.548 <2.1 5.10 21.45
SPA-8A 6/18/98 < 2.097 < 0.025 511.72 <0.74 68.07 6.334 <2.5 6.11 26.20
SPA-8B 6/18/98 < 2.089 < 0.024 622.82 <0.74 87.16 7.494 <2.5 6.43 32.49
SPA-9A 6/18/98 < 1.449 0.029 468.65 <0.51 39.32 6.084 < 1.7 5.93 28.99
SPA-9B 6/18/98 < 1.351 < 0.016 458.66 <0.48 37.05 5.415 <1.6 5.91 31.29
Average Cone, in jug/g NA 0.042 377.62 NA 73.56 4.458 NA 5.07 22.04
Standard Deviation NA 0.018 118.33 NA 45.12 1.603 NA 0.66 5.01
% RSD NA 42.60% 31.34% NA 61.34% 35.96% NA 12.93% 22.75%
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Appendix B 
Microwave Aqua Regia Digest Procedure, Analysis Results, and Quality Control
Materials and Reagents
All materials were acid washed in 50 % reagent grade hydrochloric acid and rinsed at 
least three times in double-deionized Milli-Q™ analyte-free water produced by a Milli- 
Q® system (Milli-pore Corporation, Bedford, MA). The aqua regia solution was 
composed of trace metal grade nitric and hydrochloric acids.
Sediment Preparation
Pond-A sediment samples were dried in an oven at 65° C for 2 days. Clumping 
was avoided by partially crushing sediments while drying and complete dryness was 
determined by periodically reweighing the drying sediments. Dry sediments were then 
crushed to a ffne powder by a mortar inside a 250 ml Nalgene® bottle. Sediments were 
stored in a desiccation chamber until digested.
Digestion Procedure
Approximately 0.5 grams (+ 0.2 grams) of dried and ground sample were weighed 
into tarred and labeled, 120 ml Teflon digestion vessels (Savillex Corp. # 578) in batches 
of seven. The actual weight of sample added was recorded to ten thousands of a gram. 
After each group was weighed, 0.5 ml of Milli-Q™ water was added to each vessel. 
Vessels were swirled and tapped to evenly wet the sample. All samples were then left 
loosely capped for 30 minutes. 3.75 ml of concentrated hydrochloric and 1.25 ml of 
concentrated nitric acid were then added to each vessel. Acid addition was used to help 
rinse and wet any sediment on the side of the vessel. Additional swirling and tapping of
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the vessel was necessary to ensure all sediments were unlumped and in contact with acid. 
Vessel caps were then threaded on, but not tightened and let set for a one hour pre­
digestion period. Following this hour, the digestion vessel caps were tightened snuggly 
using plastic wrenches supplied by Savillex Corp. Pressure relief caps were also 
tightened by hand at this time. Special care must be taken not to over tighten the pressure 
caps. It is recommended that after initial contact is made in the cap, the cap is turned an 
additional Vi turn. Trial and error may be necessary to determine how to correctly tighten 
the pressure caps. If caps are not tightened correctly, sample venting, may occur. If 
venting occurs, sample digest could be lost, and therefore the sample must be reran. To 
determine if a vessel vented, plastic vent tubes are inserted into pressure relief openings 
prior to the microwave digest. On the digestion tray (cake keeper) the free end of the 
vent tubes are inserted into 7 individual lest tube vials, which contain a venting indicator 
solution. The vials are supported in a beaker half full of water placed in the center of the 
cake keeper. The indicator solution is composed of 5 drops 0.5M NaOH and several 
drops of phenolphalein added to 250ml deionized water. If a vessel vented at the 
pressure cap the venting solution for that vessel would turn clear. If a vessel vented 
through the threads of the cap, all venting solution vials would lighten. In this instance 
all samples must be reran. No venting occurred during the digestion of Pond A 
sediments.
Once all vessels, vent tubes and solutions are placed on the cake keeper, the cake 
keeper lid is sealed over them. The sealed cake keeper is then centered on a microwave 
turntable and four 250 ml plastic bottles filled with cold tap water are placed in each
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corner of the microwave. The turntable must be able to turn freely during the microwave 
portion of this digest. Samples were microwaved on high power (approximately 570 
watts) for approximately six minutes. Possible venting of chloride gas makes it necessary 
to transfer the cake keeper directly to a fume hood directly after the oven cycle. Serious 
care must be taken to limit exposure to chloride gas fumes and ideally, the microwave 
portion of the digest should be carried out completely in a fume hood. In the fume hood, 
venting solutions are quickly checked for significant discoloration and vented vessels are 
traced and removed. Sealed and properly ran vessels are let cool for a 30 minute period. 
Pressure relief caps are then opened being sure they are pointed away and up into the 
fume hood. All vessels displayed a release of pressure upon opening. Vessel caps were 
loosened with the plastic wrenches and the vessel contents rinsed into pre-weighed and 
labeled 50 ml centrifuge tube. Vessels and caps were rinsed at least folxr times with 
Milli-Q™ water in order to remove all digestion contents and undissolved sediment. 
Centrifuge tubes were brought to a final weight of approximately 50 grams with Milli- 
Q™ water. Centrifuge tubes were weighed upright in a tarred Styrofoam block recorded 
to the thousands of a gram. Final solutions were centrifuged at 2500 rpm for 5 minutes 
then decanted slowly into labeled 60 ml Nalgene® polyethylene bottle. Special care was 
taken to only decant clear solution. Multi-element analyses of the aqua regia solution 
was measured on a Thermo-Jarrell Ash, IRIS inductively coupled argon plasma emission 
spectrophotometry (ICAPES) for both trace and major elements. Digest solutions were 
ran undiluted on ICAPES for all elements except Ca, Fe, and Mg, which had to be diluted 
by a factor of 100 in order to extract accurate data. Sediment dilution factors were
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determined by dividing the weight of the final solution by the amount of sediment 
digested (Table B l).
Table Bl: Aqua regia digest dilution ratio, grams digested and final grams of 
solution.
Sample Name Grams Digested Final Grams Solution Dilution Ratio
AQUA-REGIA BLANK 0.0000 50.68 50.68
USGSRefSed2 0.5078 50.00 98.46
SPA-1 0.5169 49.99 96.71
SPA-1 Dup 0.5504 50.02 90.88
SPA-2 0.5326 52.19 97.99
SPA-3 0.5157 50.42 97.77
SPA-4 0.5157 50.03 97.01
SPA-5 0.6068 50.85 83.80
SPA-6 0.5600 50.03 89.34
SPA-6 Dup 0.5650 50.00 88.50
SPA-7 0.7751 50.02 64.53
SPA-8 0.5611 50.01 89.13
SPA-8Dup 0.6067 53.24 87.75
SPA-9 0.7062 52.69 74.61
Table B2: Elemental and average percent relative differences (PRD) between aqua
Sample
Name Date Ag Al As B Ba Be Ca Cd Co
SPA-1 7/23/98 < 0.870 5880.04 7.58 0.70 51.30 2.23 46169.91 < 0.484 7.39
SPA-1
Dup 7/23/98 <0.818 5109.24 8.32 0.88 47.80 1.94 47102.77 < 0.454 7.24
Average NA 5494.64 7.95 0.79 49.55 2.08 46636.34 NA 7.32
PRD NA 14.03% 9.33% 23.48% 7.05% 13.96% 2.00% NA 1.99%
SPA-6 7/23/98 < 0.804 6537.85 7.42 1.90 37.72 2.00 44053.20 < 0.447 6.36
SPA-6
Dup 7/23/98 < 0.796 5353.98 8.33 1.99 34.63 1.68 43318.58 0.45 6.12
Average NA 5945.92 7.88 1.95 36.17 1.84 43685.89 NA 6.24
PRD NA 19.91% 11.47% 4.53% 8.54% 17.21% 1.68% NA 3.80%
SPA-8 7/23/98 < 0.804 6521.66 7.57 1.03 37.80 2.07 41885.42 0.46 7.61
SPA-8
Dup 7/23/98 < 0.862 6764.86 7.96 1.16 39.98 2.11 43254.51 0.60 7.86
Average NA 6643.26 7.76 1.09 38.89 2.09 42569.96 0.53 7.73
PRD NA 3.66% 4.95% 12.05% 5.59% 1.67% 3.22% 26.01% 3.27%
Mean PRD NA 12.53% 8.58% 13.35% 7.06% 10.94% 2.30% 26.01% 3.02%
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Table B2: Elemental and average percent relative differences (PRD) between aqua
regia met tiod du plicates measured by ICAPES.
Sample
Name Date Cr Cu Fe Hg K Li Mg Mn Mo
SPA-1 7/23/98 13.16 18.56 16286.16 <4.84 896.13 8.70 15841.29 315.86 < 1.93
SPA-1
Dup 7/23/98 11.41 18.09 14784.25 <4.54 796.10 7.11 15185.94 307.63 < 1.82
Average 12.28 18.33 15535.21 NA 846.11 7.91 15513.61 311.74 NA
PRD 14.30% 2.54% 9.67% NA 11.82% 20.20% 4.22% 2.64% NA
SPA-6 7/23/98 13.26 14.29 15257.36 <4.47 980.05 9.64 15732.65 287.40 < 1.79
SPA-6
Dup 7/23/98 11.90 14.34 14348.67 <4.42 828.94 7.83 15035.40 272.74 < 1.77
Average 12.58 14.32 14803.02 NA 904.50 8.74 15384.02 280.07 NA
PRD 10.77% 0.29% 6.14% NA 16.71% 20.69% 4.53% 5.23% NA
SPA-8 7/23/98 13.55 20.27 16911.32 <4.46 980.39 9.19 15598.77 283.58 < 1.78
SPA-8Dup 7/23/98 14.49 21.23 16869.07 <4.79 1047.38 9.66 16275.49 298.99 < 1.91
Average 14.02 20.75 16890.19 NA 1013.88 9.42 15937.13 291.29 NA
PRD 6.77% 4.61% 0.25% NA 6.61% 5.01% 4.25% 5.29% NA
Mean
PRD 10.62% 2.48% 5.35% NA 11.71% 15.30% 4.33% 4.39% NA
Table B2: Elemental and average percent relative differences (PRD) between aqua 
regia method duplicates measured by ICAPES. _______   ._____________
Sample
Name Date Na Ni P Pb S Sb Se Si
SPA-1 7/23/98 143.52 15.82 494.87 11.42 4100.55 <8.22 0.24 229.11
SPA-1 Dup 7/23/98 138.41 14.90 494.11 11.51 4253.15 <7.72 0.23 192.12
Average 140.96 15.36 494.49 11.46 4176.85 NA 0.23 210.61
PRD 3.63% 5.97% 0.15% 0.73% 3.65% NA 6.22% 17.56%
SPA-6 7/23/98 126.15 14.19 465.28 9.25 2830.27 <7.59 0.18 181.00
SPA-6 Dup 7/23/98 119.38 13.64 458.32 9.33 2877.88 < 7.52 0.19 189.12
Average 122.76 13.91 461.80 9.29 2854.07 NA 0.18 185.06
PRD 5.51% 3.95% 1.51% 0.87% 1.67% NA 2.95% 4.38%
SPA-8 7/23/98 126.88 16.77 513.05 12.44 3714.42 <7.59 0.24 139.11
SPA-8Dup 7/23/98 137.10 17.69 538.72 13.00 3916.65 <8.13 0.38 209.95
Average 131.99 17.23 525.89 12.72 3815.53 NA 0.31 174.53
PRD 7.74% 5.36% 4.88% 4.43% 5.30% NA 44.24% 40.59%
Mean PRD 5.63% 5.10% 2.18% 2.01% 3.54% NA 17.80% 20.85%
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Table B2: Elemental and average percent relative differences (PRD) between aqua
Sample
Name Date Sn Sr Ti TI V Zn All Mean
SPA-1 7/23/98 <2.90 103.38 94.93 <9.67 16.32 50.35
SPA-1 Dup 7/23/98 <2.72 102.97 96.88 <9.08 15.27 46.58
Average NA 103.18 95.90 NA 15.79 48.46
PRD NA 0.41% 2.03% NA 6.63% 7.78% 7.68%
SPA-6 7/23/98 <2.68 50.07 84.38 <8.93 16.09 44.60
SPA-6 Dup 7/23/98 <2.65 49.96 80.03 <8.84 14.73 42.56
Average NA 50.02 82.20 NA 15.41 43.58
PRD NA 0.24% 5.30% NA 8.85% 4.68% 6.86%
SPA-8 7/23/98 <2.68 76.32 100.72 <8.93 17.73 54.48
SPA-8Dup 7/23/98 <2.87 80.70 108.95 <9.57 18.55 57.38
Average NA 78.51 104.83 NA 18.14 55.93
PRD NA 5.58% 7.85% NA 4.53% 5.19% 8.80%
Mean PRD NA 2.08% 5.06% NA 6.67% 5.88%
Overall mean for method duplicate 
analysis 7.78%
Table B3; Aqua regia measured and reported values of the USGS Standard Reference Sample Sed 2 determined by the aqua regia digest method
and ICAPES analysis.
Measured USGS Species Al As Ba Be Ca Cd Co Cr Cu
Standard Concentration units mg/g pg/g pg/g pg/g mg/g pg/g pg/g pg/g mg/g
Reference Sed. 2 Measured 6.1 184.5 150.2 2.7 17.0 8.7 35.9 11.1 1.3
Reported USGS No. Measurments 11 8 11 5 10 13 7 11 12
Standard MPV 8.8 144.0 179.0 1.0 17.0 8.3 9.0 13.2 1.1
Reference Sed. 2 Std.Dev. + 2.3 33.0 44.0 0.3 1.7 1.6 2.7 3.6 0.2
Difference b/w Measured and MPV 2.7 40.5 28.8 1.7 0.0 0.4 26.9 2.1 0.2
Comparison Within Std.Dev.of MPV No No Yes No Yes Yes No Yes Yes
% Diff. b/w measured and MPV (to MPV) -30% +28% -16% +175% 0% +5% +299% -16% +18%
Measured USGS Species Fe K Li Mg Mn Mo Na Ni Pb
Standard Concentration units mg/g mg/g pg/g mg/g mg/g pg/g mg/g pg/g pg/g
Reference Sed. 2 Measured 21.2 2.1 8.2 4.4 1.4 3.1 0.17 10.1 148.4
Reported USGS No. Measurments 10 11 3 11 11 3 9 9 13
Standard Reported MPV 22.8 2.1 13.7 5.2 1.5 4.6 0.22 10.8 149.0
Reference Sed. 2 Std.Dev. + 4.8 0.4 3.1 0.5 0.1 3.0 0.06 2.0 24.0
Difference b/w Measured and MPV 1.6 0.0 5.5 0.8 0.1 1.5 0.05 0.7 0.6
Comparison Within Std.Dev.of MPV Yes Yes Yes No Yes Yes Yes Yes Yes
% Diff. b/w measured and MPV (to MPV) -7% 0% -40% -15% -7% -33% -23% -7% 0%
Measured USGS Species Sb Se Sr V Zn
Standard Concentration units F_9/9 pg/g pg/g pg/g mg/g
Reference Sed. 2 Measured <8.37 0.6 49.2 25.9 1.6
Reported USGS No. Measurments 5 7 6 7 12
Standard Reported MPV 4.4 0.6 50.0 30.0 1.5
Reference Sed. 2 Std.Dev. + 2.5 0.3 13.0 7.3 0.1
Difference b/w Measured and MPV NA 0.0 0.8 4.1 0.1
Comparison Within Std.Dev.of MPV NA Yes Yes Yes Yes
% Diff. b/w measured and MPV (to MPV) NA 0% -2% -14% +7%
ooK>
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Table B4: Concentrations of measured major and trace elements for aqua regia
digest solutions. Concentrations and detection limits are corrected for both method
(see Table Bl) and ICAPES dilution factors.___________________________________
Sample Name Date Ag A1 As B Ba Be Ca
Units mg/g mg/g mg/g mg/g mg/g mg/g mg/g
Method Blank 7/23/98 < 0.009 < 0.035 < 0.065 < 0.005 < 0.005 < 0.001 0.03
SPA-1 7/23/98 < 0.870 5880.04 7.58 0.70 51.30 2.23 46169.91
SPA-1 Dup 7/23/98 < 0.818 5109.24 8.32 0.88 47.80 1.94 47102.77
SPA-2 7/23/98 < 0.774 7389.86 9.31 0.74 58.51 2.67 43004.28
SPA-3 7/23/98 < 0.880 3959.69 8.44 0.67 26.45 1.59 48572.15
SPA-4 7/23/98 < 0.581 2845.21 6.69 1.68 27.82 1.13 47383.59
SPA-5 7/23/98 < 0.754 4085.10 7.91 1.28 25.24 1.40 42384.78
SPA-6 7/23/98 < 0.804 6537.85 7.42 1.90 37.72 2.00 44053.20
SPA-6 Dup 7/23/98 < 0.796 5353.98 8.33 1.99 34.63 1.68 43318.58
SPA-7 7/23/98 < 0.637 5130.91 7.93 1.21 38.96 2.28 56168.03
SPA-8 7/23/98 <0.804 6521.66 7.57 1.03 37.80 2.07 41885.42
SPA-8Dup 7/23/98 < 0.862 6764.86 7.96 1.16 39.98 2.11 43254.51
SPA-9 7/23/98 < 0.890 7146.69 8.64 1.42 40.37 2.25 34605.64
USGSRefSed2 7/23/98 < 0.886 6065.38 184.46 < 0.492 150.24 2.75 16961.40
Mean concentrations in mg/g NA 5560.42 8.01 1.22 38.88 1.94 44825.24
Standard Deviation NA 1408.97 0.67 0.46 10.03 0.43 5080.50
% RSD NA 25.34% 8.39% 37.24% 25.79% 22.02% 11.33%
Table B4: Concentrations of measured major and trace elements for aqua regia 
digest solutions. Concentrations and detection limits are corrected for both method 
(see Table B l) and ICAPES dilution factors.____________________________________
Sample Name Date Cd Co Cr Cu Fe Hg K
Units mg/g mg/g mg/g mg/g mg/g mg/g mg/g
Method Blank 7/23/98 < 0.005 <0.01 < 0.005 < 0.005 0.02 <0.05 <0.5
SPA-1 7/23/98 < 0.484 7.39 13.16 18.56 16286.16 < 4.84 896.13
SPA-1 Dup 7/23/98 < 0.454 7.24 11.41 18.09 14784.25 <4.54 796.10
SPA-2 7/23/98 0.54 7.96 13.83 19.71 18706.86 <4.30 1058.77
SPA-3 7/23/98 < 0.489 6.06 9.41 16.62 12496.96 <4.89 586.52
SPA-4 7/23/98 < 0.323 4.21 7.54 10.55 8944.86 <3.23 497.91
SPA-5 7/23/98 <0.419 5.73 9.81 13.20 11811.08 <4.19 622.65
SPA-6 7/23/98 < 0.447 6.36 13.26 14.29 15257.36 <4.47 980.05
SPA-6 Dup 7/23/98 0.45 6.12 11.90 14.34 14348.67 <4.42 828.94
SPA-7 7/23/98 0.40 7.34 11.72 17.52 15773.79 <3.54 743.71
SPA-8 7/23/98 0.46 7.61 13.55 20.27 16911.32 <4.46 980.39
SPA-8Dup 7/23/98 0.60 7.86 14.49 21.23 16869.07 <4.79 1047.38
SPA-9 7/23/98 0.57 8.19 14.91 21.62 18262.44 <4.95 1032.83
USGSRefSed2 7/23/98 8.72 35.88 11.07 1264.28 21150.06 <4.92 2103.19
Mean concentrations in mg/g 0.51 6.84 12.08 17.17 15037.74 NA 839.28
Standard Deviation 0.08 1.16 2.24 3.46 2818.82 NA 193.14
% RSD 15.43% 17.02% 18.53% 20.13% 18.74% NA 23.01%
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Table B4: Concentrations of measured major and trace elements for aqua regia
digest solutions. Concentrations and detection limits are corrected for both method
(see Table Bl) and ICAPES dilution factors.___________________________________
Sample Name Date Li Mg Mn Mo Na Ni P
Units mg/g mg/g mg/g mg/g mg/g mg/g mg/g
Method Blank 7/23/98 < 0.005 0.01 < 0.005 <0.02 <0.1 < 0.015 0.01
SPA-1 7/23/98 8.70 15841.29 315.86 <1.93 143.52 15.82 494.87
SPA-1 Dup 7/23/98 7.11 15185.94 307.63 < 1.82 138.41 14.90 494.11
SPA-2 7/23/98 10.43 16505.04 351.35 <1.72 138.47 17.70 516.65
SPA-3 7/23/98 5.38 16288.49 282.85 < 1.95 103.05 12.33 446.32
SPA-4 7/23/98 3.92 12818.94 168.72 < 1.29 127.61 9.66 398.51
SPA-5 7/23/98 5.60 14524.98 240.21 < 1.68 97.06 12.56 472.12
SPA-6 7/23/98 9.64 15732.65 287.40 <1.79 126.15 14.19 465.28
SPA-6 Dup 7/23/98 7.83 15035.40 272.74 < 1.77 119.38 13.64 458.32
SPA-7 7/23/98 7.91 15532.97 239.12 1.76 142.23 16.58 431.85
SPA-8 7/23/98 9.19 15598.77 283.58 <1.78 126.88 16.77 513.05
SPA-8Dup 7/23/98 9.66 16275.49 298.99 < 1.91 137.10 17.69 538.72
SPA-9 7/23/98 10.20 15759.51 276.51 < 1.98 189.35 17.98 532.34
USGSRefSed2 7/23/98 8.21 4352.11 1441.12 3.09 168.45 10.08 837.73
Mean concentrations in mg/g 7.96 15424.96 277.08 2.42 132.43 14.99 480.18
Standard Deviation 2.09 993.97 45.90 NA 23.22 2.59 42.52
% RSD 26.29% 6.44% 16.57% NA 17.53% 17.28% 8.85%
Table B4: Concentrations of measured major and trace elements for aqua regia 
digest solutions. Concentrations and detection limits are corrected for both method 
(see Table B l) and ICAPES dilution factors.____________________________________
Sample Name Date Pb S Sb Se Si Sn Sr
Units mg/g mg/g mg/g mg/g mg/g mg/g mg/g
Method Blank 7/23/98 <0.06 <0.07 < 0.085 <0.08 <0.02 <0.03 < 0.005
SPA-1 7/23/98 11.42 4100.55 <8.22 0.24 229.11 <2.90 103.38
SPA-1 Dup 7/23/98 11.51 4253.15 <7.72 0.23 192.12 <2.72 102.97
SPA-2 7/23/98 11.28 3066.21 <7.31 0.21 313.59 <2.58 68.24
SPA-3 7/23/98 10.52 2103.03 <8.31 0.15 169.63 <2.93 49.30
SPA-4 7/23/98 8.44 3542.31 <5.49 0.14 113.47 < 1.94 100.63
SPA-5 7/23/98 9.52 2320.81 <7.12 0.17 166.45 <2.51 43.85
SPA-6 7/23/98 9.25 2830.27 <7.59 0.18 181.00 <2.68 50.07
SPA-6 Dup 7/23/98 9.33 2877.88 <7.52 0.19 189.12 <2.65 49.96
SPA-7 7/23/98 9.99 7125.48 <6.02 0.41 91.72 <2.12 216.88
SPA-8 7/23/98 12.44 3714.42 <7.59 0.24 139.11 <2.68 76.32
SPA-8Dup 7/23/98 13.00 3916.65 <8.13 0.38 209.95 <2.87 80.70
SPA-9 7/23/98 13.56 4463.71 <8.41 0.18 125.94 <2.97 44.76
USGSRefSed2 7/23/98 148.40 7623.08 <8.37 0.59 347.58 <2.95 49.21
Mean concentrations in mg/g 10.85 3692.87 NA 0.23 176.77 NA 82.25
Standard Deviation 1.62 1319.14 NA 0.09 59.06 NA 48.26
% RSD 14.89% 35.72% NA 38.11% 33.41% NA 58.67%
85
Table B4: Concentrations of measured major and trace elements for aqua regia
digest solutions. Concentrations and detection limits are corrected for both method
(see Table Bl) and ICAPES dilution factors._____________
Sample Name Date Ti TI V Zn
Units mg/g mg/g mg/g . mg/g
Method Blank 7/23/98 < 0.005 <0.1 <0.01 < 0.005
SPA-1 7/23/98 94.93 <9.67 16.32 50.35
SPA-1 Dup 7/23/98 96.88 <9.08 15.27 46.58
SPA-2 7/23/98 87.04 <8.60 18.06 54.03
SPA-3 7/23/98 94.25 <9.77 13.45 38.70
SPA-4 7/23/98 59.08 <6.45 9.88 30.22
SPA-5 7/23/98 80.31 <8.38 13.28 38.02
SPA-6 7/23/98 84.38 <8.93 16.09 44.60
SPA-6 Dup 7/23/98 80.03 <8.84 14.73 42.56
SPA-7 7/23/98 74.65 <7.08 14.14 43.11
SPA-8 7/23/98 100.72 <8.93 17.73 54.48
SPA-8Dup 7/23/98 108.95 <9.57 18.55 57.38
SPA-9 7/23/98 121.29 <9.89 19.31 60.45
USGSRefSed2 7/23/98 377.12 <9.84 25.86 1636.67
Mean concentrations in mg/g 90.21 NA 15.57 46.70
Standard Deviation 16.42 NA 2.69 8.92
% RSD 18.21% NA 17.27% 19.11%
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Table B5: Comparison of reported and measured values of USGST143 reference 
water standard
Element B Ba Be Ca Cd Co Cr
Reported No. of Msrmnts. 35 68 61 86 81 53 79
Standard for MPV (ppm) 0.035 0.0819 0.0085 53.7 0.0191 0.017 0.037
USGST143 Range (2x f- 
pseudosigm a) 0.0104 0.009 0.00132 4.4 0.003 0.0024 0.0052
Measured Mean (ppm) 0.034 0.082 0.009 57.1 0.018 0.02 0.034
USGST143 Std.Dev. (n=7) 0.0004 0.0015 0.00007 1.1 0.0002 0.0004 0.0013
Mean w/n 
Range Pass Pass Pass Pass Pass Pass Pass
Comparison Lower Limit w/n Range Pass Pass Pass Pass Pass Pass Pass
Upper Limit w/n 
Range Pass Pass Pass Fail Pass Pass Pass
Element Cu Fe K Li Mg Mn Mo
Reported No. of Msrmnts. 90 93 84 34 88 86 54
Standard for MPV (ppm) 0.0223 0.222 2.5 0.018 10.4 0.0182 0.0361
USGS T143 Range (2x f- 
pseudosigm a) 0.0038 0.028 0.42 0.0042 1 0.0038 0.0086
Measured Mean (ppm) 0.021 0.222 2.6 0.017 10.7 0.018 0.035
USGST143 Std.Dev. (n=7) 0.0008 0.0030 0.0763 0.0003 0.08 0.0002 0.0004
Mean w/n 
Range Pass Pass Pass Pass Pass Pass Pass
Comparison Lower Limit w/n Range Pass Pass Pass Pass Pass Pass Pass
Upper Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
„ m r v&SPv&Sf* JmPl ■
Element Na Ni Pb Si Sr V Zn
Reported No. of Msrmnts. 88 81 84 56 45 54 75
Standard for MPV (ppm) 34 0.071 0.0834 10.94 0.306 0.03 0.02
USGS T143 Range (2x f- 
pseudosigm a) 3.2 0.01 0.0142 1.64 0.03 0.006 0.0044
Measured Mean (ppm) 34 0.070 0.09 10.68 0.305 0.03 0.019
USGST143 Std.Dev. (n=7) 0.7 0.001 0.004 0.093 0.005 0.001 0.0002
Mean w/n 
Range Pass Pass Pass Pass Pass Pass Pass
Comparison Lower Limit w/n Range Pass Pass Pass Pass Pass Pass Pass
Upper Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
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Table B6: Composite Check Standard (COMP) concentrations and quality
assurance analysis. ______________ ________________ _______________________
Sample Name Date Ag Al As B Ba Be Ca
COMP 7/30/98 0.190 3.939 4.210 0.773 0.416 0.428 4.032
COMP 7/30/98 0.187 3.722 4.168 0.752 0.431 0.425 4.123
COMP 7/30/98 0.188 3.936 4.200 0.770 0.414 0.424 4.028
COMP 7/30/98 0.191 3.925 4.253 0.774 0.426 0.429 4.109
COMP 7/30/98 0.191 3.834 4.205 0.764 0.417 0.425 4.074
COMP 7/30/98 0.186 3.840 4.179 0.762 0.416 0.425 4.023
COMP 7/30/98 0.181 3.729 4.145 0.762 0.403 0.423 3.860
Avg. Cone, (ppm) 0.188 3.846 4.194 0.765 0.417 0.426 4.036
Std.Dev. 0.004 0.093 0.035 0.008 0.009 0.002 0.087
% RSD 1.9% 2.4% 0.8% 1.0% 2.2% 0.5% 2.2%
Actual (ppm) 0.2 4 4 0.8 0.4 0.4 4
Avg. % Recovery of 
Actual Cone. 93.87% 96.16% 104.86% 95.67% 104.36% 106.40% 100.89%
Table B6: Composite Check Standard (COMP) concentrations and quality
assurance analysis. _____________________________________________________
Sample Name Date Cd Co Cr Cu Fe Hg K
COMP 1 7/30/98 0.7963 0.7731 2.03 0.8192 4.167 0.814 8.077
COMP 7/30/98 0.8116 0.7844 2.042 0.7648 4.229 0.8235 7.418
COMP 7/30/98 0.7941 0.7673 2.022 0.8282 4.139 0.8029 8.182
COMP 7/30/98 0.8113 0.7808 2.069 0.8111 4.24 0.8239 7.951
COMP 7/30/98 0.7982 0.7717 2.033 0.8063 4.169 0.8072 7.935
COMP 7/30/98 0.7923 0.7639 2.033 0.7896 4.152 0.8123 7.528
COMP 7/30/98 0.7764 0.7486 1.937 0.7806 4.042 0.7944 7.512
Avg. Cone, (ppm) 0.797 0.770 2.024 0.800 4.163 0.811 7.800
Std.Dev. 0.0121 0.0118 0.0411 0.0225 0.0654 0.0107 0.3073
% RSD 1.5% 1.5% 2.0% 2.8% 1.6% 1.3% 3.9%
Actual (ppm) 0.8 0.8 2 0.8 4 0.8 8
Avg. % Recovery of Actual 
Cone. 99.65% 96.25% 101.19% 100.00% 104.06% 101.40% 97.51%
Table B6: Composite Check Standard (COMP) concentrations and quality
assurance analysis. _______ _______ ______________________ ________ ________
Sample Name Date Li Mg Mn Mo Na Ni P
COMP 7/30/98 1.922 3.923 0.8255 3.719 3.975 0.8142 4.092
COMP 7/30/98 1.722 3.71 0.8303 3.758 3.626 0.8236 3.998
COMP 7/30/98 1.949 3.941 0.821 3.704 3.988 0.8126 4.03
COMP 7/30/98 1.892 3.904 0.836 3.773 3.926 0.8271 4.019
COMP 7/30/98 1.834 3.854 0.8228 3.708 3.808 0.8149 4.002
COMP 7/30/98 1.849 3.819 0.8195 3.681 3.856 0.812 3.954
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Sample Name Date Li Mg Mn Mo Na Ni P
COMP 7/30/98 1.838 3.747 0.8027 3.605 3.752 0.7926 3.954
Avg. Cone, (ppm) 1.858 3.843 0.823 3.707 3.847 0.814 4.007
Std.Dev. 0.0743 0.0888 0.0105 0.0551 0.1304 0.0110 0.0476
% RSD 4.0% 2.3% 1.3% 1.5% 3.4% 1.4% 1.2%
Actual (ppm) 2 4 0.8 4 4 0.8 4
Avg. % Recovery of Actual 
Cone. 92.90% 96.06% 102.82% 92.67% 96.18% 101.73% 100.18%
Table B6: Composite Check Standard (COMP) concentrations and quality
assurance analysis.___________________________________________________________
Sample Name Date Pb S Sb Se Si Sn Sr
COMP 7/30/98 4.147 20.93 2.369 2.082 3.964 1.647 0.4183
COMP 7/30/98 4.204 20.41 2.339 2.041 3.785 1.697 0.3894
COMP 7/30/98 4.123 20.69 2.347 2.09 3.769 1.641 0.4205
COMP 7/30/98 4.198 20.65 2.37 2.088 3.792 1.687 0.4158
COMP 7/30/98 4.156 20.59 2.35 2.083 3.751 1.657 0.4122
COMP 7/30/98 4.107 20.37 2.32 2.049 3.709 1.649 0.4012
COMP 7/30/98 4.036 20.52 2.298 2.052 3.695 1.598 0.3871
Avg. Cone, (ppm) 4.139 20.594 2.342 2.069 3.781 1.654 0.406
Std.Dev. 0.0577 0.1892 0.0259 0.0210 0.0887 0.0325 0.0139
% RSD 1.4% 0.9% 1.1% 1.0% 2.3% 2.0% 3.4%
Actual (ppm) 4 20 1 2 2 4 2 0.4
Avg. % Recovery of Actual 
Cone. 103.47% 102.97% 117.09% 103.46% 94.52% 82.69% 101.59%
Table B6: Composite Check Standard (COMP) concentrations and quality
assurance analysis. ________ ______________ ________
Sample Name Date Ti TI V Zn
COMP 7/30/98 1.038 1.995 0.8103 2.06
COMP 7/30/98 1.004 1.981 0.7891 2.06
COMP 7/30/98 1.034 1.976 0.8113 2.046
COMP 7/30/98 1.037 2.007 0.8185 2.067
COMP 7/30/98 1.028 1.978 0.8079 2.051
COMP 7/30/98 1.012 1.952 0.7889 2.039
COMP 7/30/98 0.9789 1.909 0.7703 2.024
Avg. Cone, (ppm) 1.019 1.971 0.799 2.050
Std.Dev. 0.0219 0.0323 0.0171 0.0147
% RSD 2.1% 1.6% 2.1% 0.7%
Actual (ppm) 1 2 0.8 2
Avg. % Recovery of Actual 
Cone. 101.88% 98.56% 99.93% 102.48%
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Table B7: Comparison of aqua regia extractable sulfur and selected trace metals to 
a Leco total sulfur analyzer and EPA digestion method 3050B, respectively.
Sediment
Sample Sulfur B Fe Li Mn Sr Zn
SPA-2
Aqua regia digest 3100 0.74 18700 10 350 68 54
3050B Digest NA BD 15300 17 340 58 51
Total sulfur analyzer 3100 NA NA NA NA NA NA
% RD 0% NA 20% 52% 3% 16% 6%
SPA-3
Aqua Regia digest 2100 0.67 12500 5.4 283 49 39
3050B Digest NA BD 12500 14 291 46 41
Total sulfur analyzer 2300 NA NA NA NA NA NA
%RD 9% NA 0% 89% 3% 6% 5%
SPA-7
Aqua regia digest 7100.00 1.21 15800 7.9 240 217 43
3050B Digest NA BD 14600 15 259 206 44
Total sulfur analyzer 6900 NA NA NA NA NA NA
%RD 3% NA 8% 62% 8% 5% 2%
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Sample Date: 
Received at lab:
SPA-2
00-50909-1
Soil
03-Feb-OQ Reported: 14-Feb-OO
Reporting Regulatory
Results lUnits Qual Limit Limit Method Analyzed
Sulfur, Total 0.31 % 0.01 GEOCHEM 04-Feb-00 0000 SM
3050 Digestion EPA 3050B 07-Feb-00 0000 PWC
Boron, 3050 Digestion <5 ug/g 5 EPA 6010 10-Feb-00 1209 RLH
Iron, 3050 Digestion 15300 ug/g 5 EPA 6010 IQ-Feb-OO 1209 RLH
Lithium, 3050 Digestion 17 ug/g 5 EPA 6010 10-Feb-00 1209 RLH
Manganese, 3050 Digestion 340 ug/g 5 EPA 6010 10-Feb-00 1209 RLH
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\00-50909.xls
91
E teisN ENERGY LABORATORIES, INC.
P-O. BOX 30916 • 1120 SOUTH 27TH STREET • BILLINGS, MT 59107-0916 • PHONE (406) 252-6325 
—  ' " > m FAX (408) 252-6069 • 1-800-735-4489 • E-MAIL ellOonorgylab.com
LABORATORY ANALYSIS REPORT
MT Bureau of Mines & Geology ProJectID:
John Wheaton Sample IDi SPA-3
1300 N. 27th 
Billings, MT 59101
Laboratory ID: 
Sample Matrix: 
Sample Date: 
Received at lab:
00-50909-2
Soil
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Results I Units Qual lim it Limit Method Analyzed
Sulfur, Total 0.23 % 0.01 GEOCHEM 04-Feb-QQ 0000 SM
3050 Digestion EPA 3050B 07-Feb-OO 0000 PWC
Boron, 3050 Digestion <5 ug/g 5 EPA 6010 10-Feb-00 1211 RLH
Iron, 3050 Digestion 12500 ug/g 5 EPA 6010 10-Feb-00 1211 RLH
Lithium, 3050 Digestion 14 ug/g 5 EPA 6010 10-Feb-00 1211 RLH
Manganese, 3050 Digestion 291 ug/g 5 EPA 6010 10-Feb-00 1211 RLH
Strontium, 3050 Digestion 46 ug/g 5 EPA 6010 10-Feb-00 1211 RLH
Zinc, 3050 Digestion 41 ug/g 5 EPA 6010 10-Feb-00 1211 RLH
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Boron, 3050 Digestion <5 ug/g 5 EPA 6010 10-Feb-00 1217 RLH
Iron, 3050 Digestion 14600 ug/g 5 EPA 6010 10-Feb-00 1217 RLH
Lithium, 3050 Digestion 15 ug/g 5 EPA 6010 10-Feb-00 1217 RLH
Manganese, 3050 Digestion 259 ug/g 5 EPA 6010 10-Feb-00 1217 RLH
Strontium, 3050 Digestion 206 ug/g 5 EPA 6010 10-Feb-00 1217 RLH
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\00-50909.xls
93
Lab Nos. 00-50909-1-3
QUALITY ASSURANCE DATA PACKAGE
This report includes the results of quality assurance tests performed with 
the sample analyses. They are performed to determine if the methodology is in 
control and to monitor the laboratory's ability to produce accurate and precise results.
Spiked — Calibration Verification—
Duplicate Analysis Analysis, Blank Sample Acceptance
------ mg/l (ppm)---- -  % Analysis, Analysis, Range, Date
3050 Metals Oriainal Duolicate Recoverv ma/l (ppm) ma/l (ppm) ma/l <DDm) Analvzed
Boron < 5  < 5 88 <5 87 78-134 02 /1 1 100
Iron 12800 12700 100 < 5 7210 4530-10400 02/11/00
Lithium 13 12 98 < 5 N/A N/A 02/11/00
Manganese 312 310 87 < 5 244 1 67-246 02/11/00
Strontium 49 48 89 <5 85 48-89 02/11 /00
Zinc 95 87 73 8 129 99-157 02/11 /00
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Appendix C 
Surface and Groundwater Sampling Methods
Water Sample Collection
To document temporal variability in groundwater and surface water samples at 
the Pond-A study site, samples were collected quarterly for one year between October 
1998 and August 1999, representing fall, winter, spring, and summer conditions. All 
water samples were extracted through clean polyethylene tubing and filtered in-line 
through a 0.45 pm membrane filter using either a maxi-flex® peristaltic or a Grundfos 
Redi-Flo2® variable performance mini-submersible pump system. To quantify spatial 
variability within the lake, the lake was sampled both vertically and horizontally at 
several sites within Pond-A (figure Cl). If significant, the sample depth and location 
were influenced by conductivity and DO profiles within the lake. Lake samples during 
the winter were collected through ice-augured holes. Duplicate samples were collected in 
the same ice hole before and after a major runoff event during the winter sampling effort. 
Samples were extracted from the lake using a maxi-flex® peristaltic pump and filtered in­
line with a 0.45pm membrane filter (Barcelona, 1988). Upgradient of the lake, 
groundwater “impoundment inflow” samples were collected from wells drilled and 
finished in the Rosebud Coal aquifer at BS-30, MSU-4 and BS-70 (Figure C2). These 
wells could not be accessed for winter sampling. East of the lake, spoil aquifer water was 
sampled at 2 or 3 drilled wells (BS-27, BS-28, BS-38) finished at depths between 70 and 
90 feet (Figure C2). Spoil water chemistry directly adjacent to the lake (within 15 feet) 
was characterized by six 1-Vi inch OD hand augured piezometers (PAW-1 through PAW-
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6). To avoid contaminations the 3-inch diameter stainless steel auger bit and shaft were 
thoroughly scrubbed and rinsed with lake water before a new PAW well was augured. 
The depths of these well varied from approximately 8 to 12.5 feet and were screened over 
the bottom 5.5 inches. Groundwater/surface water within the lake bed sediments was 
sampled in two 2 inch OD driven wells within the lake (PAW-7 and 8) (Figure C2). 
These wells were driven via a two-inch diameter sandpoint into the central western side 
of lake bed to depths of approximately 5 to 6 feet and were screened over the bottom 12 
inches. Before sampling, all groundwater wells were purged at least 4 bore hole volumes 
and/or until in line flow through cell measurements of DO and pH were stable (Barber 
and Davis, 1987; Barcelona and Helfrich, 1986; Garske and Schock, 1986). Samples 
were extracted from the PAW wells using a maxi-flex® peristaltic pump system. All 
other wells samples were collected using either a Grundfos Ridi-Flo2® variable 
performance mini-submersible. Field blanks were ran on all tubing and filters types 
utilized.
Runoff and precipitation samples were collected during each sampling event if 
possible. Rain water was collected in acid cleaned lOOOmL beaker and runoff samples 
were either collected in runoff channels using a gravity fed damn design or by direct 
interception of cascading waters (Figures C3). Runoff samples were collected in acid 
washed and Milli-Q™ water rinsed 1000ml Nalgene® Polyethylene bottles. Bottles were 
rinsed 3 times with raw sample before the final sample was collected. Aliquots of raw 
runoff samples were filtered using a 60cc syringe injected through a 0.45pm membrane 
filter. Raw samples were filtered or filtered and acidified within 10 hours of collection.
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All other surface and groundwater samples collected were filtered in line through a 
0.45pm membrane filters (Barcelona, 1988).
During quarterly sampling efforts surface waters (lake and runoff waters), were 
collected over a two to three day period and ground water samples were collected within 
at least a weeks time. Water samples were analyzed for selected trace and major cationic 
elements on a Thermo-Jarrell Ash, IRIS inductively coupled argon plasma emission 
spectrophotometry (ICAPES) and the anions S O /', NCV, and Cl" were measured by a 
Dionex ion chromatograph equipped with a AS4A column and a ASRS-1 cation 
suppressor (Dionex inc.). Total inorganic carbon (TIC) was measured by a Shimadzu 
Model TOC-5000A Total Organic Carbon Analyzer. TIC and selected anions were 
measured within a week of collection except during winter sampling, which occurred 
within two weeks. Samples that were historically high in TIC were collected first to 
avoid significant increases in TIC from atmospheric carbon in the less concentrated 
samples over the holding period. Environmental samples collected in the fall were ran 
undiluted on ICAPES for all elements except Ca, Mg and S, which had to be diluted by a 
factor of 100 in order extract accurate data. Post fall sampling, Pond-A and groundwater 
samples analyzed by ICAPES had to be diluted by a factor of 10 for all elements except 
Ca, Mg and S which had to diluted by a factor of 100. As a result of the inconsistent 
dilution (1 to 10) factor post fall sampling, low levels of Fe and Li detected in the lake 
during the fall sampling event were not detected during the other quarterly sampling 
events.
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Water Samples collected at the study site for metals and major cation analysis 
were filtered into 60 or 120 mL Nalgene® polyethylene bottle and all samples were 
preserved with concentrated trace metal grade nitric acid. These bottles were acid 
washed in 50% reagent grade hydrochloric acid, rinsed at least three times with deionized 
water then rinsed once and stored in double-deionized Milli-Q™ analyte-free water 
produced by a Milli-Q® system (Milli-pore Corporation, Bedford, MA). Anion and TIC 
samples were collected in 60mL Wheaton “900” teflon TFE fluorocarbon resin lined 
Redi-Pak amber glass bottles, which were washed with soap and water, rinsed three times 
with tap water, three times with deionized water, then rinsed four times and stored in 
Milli-Q™ water prior to sample collection. All anion and TIC sample bottles were also 
pre-rinsed 3 times with filtered sample prior to final sample collection.
Field measurements of lake depth, water temperature, alkalinity, pH, DO, sulfide (fall 
samples only) and specific conductance (@25°C) were measured within at least one hour 
of collection. Dissolved Oxygen and pH were measured either insitu or inline. 
Conductivity was measured insitu both in the lake and in the PAW wells and in a 5 gallon 
bucket from the deeper coal and spoil aquifer wells. Sulfide concentrations were 
determined immediately upon collection by a methylene blue method using a Hach 
DREL/2000 field kit in accordance with USEPA Method 376.2. Total alkalinity was 
determined colormetrically using a Hach model 16900-01 digital titrator. During fall 
sampling DO was measured either by an Orion model 820 dissolved oxygen meter or by 
a YSI Model 55 DO and temperature system. DO was measured only by the YSI meter 
post fall sampling. pH was determined by an Orion model 250A pH/ISE meter equipped
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with an Orion triode™ pH electrode calibrated on either 4 and 1 ox 1 and 10 pH 
calibration buffers. Conductivity was determined by a YSI Model 30 salinity, 
conductivity and temperature system. Calibration considerations evaluated after fall 
sampling indicated that the YSI conductivity meter and Orion DO meter were not 
providing accurate results. Therefore, the specific conductance and DO values recorded
during the fall sampling effort were not interpreted in this work.
Pond-A Sample Location
Approximate 
Sample Locatibn
PArSS
PA-SM
RVSD
100 Maters100
Figure Cl: Approximate Locations of Surface Water Samples Collected within
Pond-A.
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Groundwater Sample Locations
Sample Location
i/h
0S7O
100 too,
Figure C2: Approximate Locations of Groundwater Samples Collected in the Area of
Pond-A.
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Runoff Sample Locations
^  Approximate 
Sample Location
'ii
100 Meters
Figure C3: Approximate Locations of Runoff Samples Collected in the Area of Pond-A.
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Appendix D 
Selenium Analysis Results and Quality Control
initial Standardization
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Re-standardization
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Figure Dl: Selenium standard curves for HGAAS determination of Se concentrations on 
7/16/98.
Re-standardization
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y = 30.734X + 0.8475 
R2 = 0.9999
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Figure D2: Selenium standard curves for HGAAS determination of Se concentrations on 
7/22/98.
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Table Dl: Selenium standard concentrations and absorbance readings for initial and re-
standardization on 7/16/98.
Con. Absorbance Absorbance Absorbance Absorbance Absorbance Absorbance Mean
(PPb) Reading 1 Reading 2 Reading 3 Reading 4 Reading 5 Reading 6 Abs.
0 0 0 2 1 1 1 0.83
1 35 36 37 36 35 37 36.00
3 102 102 101 102 101 99 101.17
5 165 162 162 160 163 163 162.50
Re-standardization
0 0 2 2 2 1 3 1.67
1 36 36 34 35 36 38 35.83
3 105 105 103 102 106 105 104.33
5 165 165 164 165 163 164 164.33
Table D2: Selenium standard concentrations and absorbance readings for initial and re
standardization on 7/22/98.
Cone. Absorbance Absorbance Absorbance Absorbance Absorbance Absorbance Mean
ppb Reading 1 Reading 2 Reading 3 Reading 4 Reading 5 Reading 6 Abs.
0 1 0 1 1 1 0 0.67
1 34 36 37 37 37 37 36.33
3 101 99 103 100 97 99 99.83
5 161 161 166 171 164 164 164.50
Re-standardization
0 0 0 0 -1 0 1 0.00
1 33 32 32 33 32 32 32.33
3 94 93 97 93 92 93 93.67
5 152 153 153 156 150 160 154.00
Table D3: Comparison of measured and reported Selenium concentrations for USGST143, 
USGST145, and USGSRefSed2 (Concentrations are corrected for both Se method and 
sediment digest dilution factors)._____________________ _______________ ____________
Date Measured Reported Cone. Reported Range w/n Reported
Measured Cone, (ppb) MPV (ppb) (F-pseudosigma) Range
USGST143 7/16/98 10.23 9.63 1.64 (n=60) Yes
USGST143 7/16/98 9.74 9.63 1.64 (n=60) Yes
USGST143 7/24/98 10.40 9.63 1.64 (n=60) Yes
USGST145 7/16/98 10.10 10.1 1.3 (n=60) Yes
USGST145 7/16/98 10.58 10.1 1.3 (n=60) Yes
USGST145 7/24/98 10.47 10.1 1.3 (n=60) Yes
USGSRefSed2 7/24/98 594.5 600 300 (n=7) Yes
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Table D4: Concentrations of dissolved selenium in SEM digest solutions and
surface and groundwaters ________________ _______
Sample Name Date Abs. Abs. Abs. Abs. Abs. Abs. Mean Cone. SeleniumMethod
SEM
Digest Corrected
Analyzed 1 2 3 4 5 6 Abs. (PPb)
Dilution
Factor
Dilution
Factor
Cone.
(PPb)
PA-CWS 7/16/98 14 13 16 16 14 13 14.33 < 1 2.10 NA <2.1
PA-CWD 7/16/98 13 15 13 14 11 11 12.83 < 1 2.10 NA <2.1
PA-CES 7/16/98 13 14 15 13 13 14 13.67 < 1 2.10 NA <2.1
PA-CED 7/16/98 6 6 4 6 5 5 5.33 < 1 2.10 NA <2.1
PA-CS 7/16/98 11 13 12 12 13 12 12.17 < 1 2.10 NA <2.1
PA-CM 7/16/98 12 11 11 10 12 12 11.33 < 1 2.10 NA <2.1
PA-CD 7/16/98 13 12 12 12 12 12 12.17 < 1 2.10 NA <2.1
PA-ND 7/16/98 7 7 6 6 8 7 6.83 < 1 2.10 NA <2.1
PA-SD 7/16/98 12 8 8 11 12 11 10.33 < 1 2.10 NA <2.1
BS-30 7/16/98 11 12 12 13 12 13 12.17 < 1 2.10 NA <2.1
BS-31 7/16/98 22 22 22 22 22 23 22.17 < 1 2.10 NA <2.1
BS-38 7/16/98 22 21 22 20 19 22 21.00 < 1 2.10 NA <2.1
BS-38 Dup 7/16/98 23 19 20 19 22 20 20.50 < 1 2.10 NA <2.1
PAW-3 7/16/98 14 13 15 15 15 14 14.33 < 1 2.10 NA <2.1
SPA-8 A 7/16/98 9 7 10 7 9 8 8.33 < 1 2.03 24.67 <50
SPA-9 A 7/16/98 35 33 32 32 31 32 32.50 0.90 2.03 17.04 31.15
SPA-4 7/16/98 22 22 21 20 21 24 21.67 < 1 2.03 14.19 <28.8
SPA-5 7/16/98 15 15 15 15 16 15 15.17 < 1 2.03 19.95 <40.5
SPA-6 7/16/98 9 9 10 8 10 9 9.17 < 1 2.03 21.51 <43.6
SPA-7 7/16/98 10 10 11 10 11 10 10.33 < 1 2.03 17.53 <35.5
SPA-1 7/16/98 15 13 13 12 12 .12 12.83 < 1 2.03 14.23 <28.9
SPA-2 7/16/98 41 41 41 42 43 43 41.83 1.19 2.03 22.97 55.32
SPA-3 A 7/16/98 1 2 2 2 2 1 1.67 < 1 2.03 14.89 <30.2
SPA-3 B 7/16/98 17 17 17 16 17 15 16.50 < 1 2.03 13.71 <27.8
Field Blank-3 7/16/98 27 27 25 25 27 26 26.17 < 1 2.10 NA <2.1
Field Blank-1 7/16/98 13 13 11 13 12 12 12.33 < 1 2.10 NA <2.1
Milli-Q 7/16/98 22 24 27 26 23 22 24.00 < 1 2.10 NA <2.1
Milli-Q-
nosulfa 7/16/98 30 32 29 31 31 33 31.00 < 1 2.03 NA <2.03
USGST143 7/16/98 157 155 156 152 155 155 155.00 4.73 2.10 NA 10.23
USGST145 7/16/98 158 157 157 160 168 161 160.17 4.89 2.10 NA 10.58
USGST143 7/16/98 147 147 148 148 150 149 148.17 4.44 2.10 NA 9.74
USGST145 7/16/98 153 151 152 155 155 155 153.50 4.61 2.10 NA 10.10
CS-lppb 7/16/98 34 36 34 33 34 36 34.50 0.96 NA NA NA
CS-lppb 7/16/98 33 32 33 36 33 32 33.17 0.92 NA NA NA
CS-lppb 7/16/98 30 32 31 31 31 32 31.17 0.86 NA NA NA
CS-lppb 7/16/98 33 33 34 34 32 30 32.67 0.91 NA NA NA
CS-lppb 7/16/98 33 34 34 33 33 32 33.17 0.92 NA NA NA
Avg. CS-lppb 0.91
Std. Dev. CS-lppb 0.04
% RSD ^ 4.02%
Table D5: Concentrations of total dissolved selenium in aqua regia digest solutions.
Sample Name Date Abs. Abs. Abs. Abs. Abs. Abs. Mean Cone. Selinium Method Digest Corrected Cone.
Analyzed 1 2 3 4 5 6 Abs. (PPb) Dilution Ratio Dilution Ratio (ppb)
Aqua-Rega Blank 7/24/98 13 13 13 11 16 15 13.50 0.41 2.12 NA <2.12
USGST143 7/24/98 149 153 152 153 152 152 151.83 4.91 2.12 NA 10.40
USGST145 7/24/98 152 153 154 157 150 151 152.83 4.95 2.12 NA 10.47
USGSRefSed2 7/24/98 92 87 90 90 89 83 88.50 2.85 2.12 98.46 594.50
CS-Oppb 7/24/98 0 4 2 4 0 0 1.67 0.03 NA NA < 1
CS-Oppb 7/24/98 0 -2 -1 0 0 1 -0.33 -0.04 NA NA < 1
CS-Oppb 7/24/98 0 1 -1 0 1 -1 0.00 -0.03 NA NA < 1
SPA-1 A 7/24/98 45 33 32 41 33 38 37.00 1.18 2.12 96.71 240.84
SPA-1 B 7/24/98 34 39 37 35 38 39 37.00 1.18 2.12 90.88 226.32
SPA-2 7/24/98 35 37 39 35 35 34 35.83 1.14 2.12 86.01 207.28
SPA-3 7/24/98 21 23 28 24 22 22 23.33 0.73 2.12 97.77 151.44
SPA-4 7/24/98 33 28 27 31 35 35 31.50 1.00 2.12 64.55 136.29
SPA-5 7/24/98 28 29 30 32 28 32 29.83 0.94 2.12 83.81 167.35
SPA-6 A 7/24/98 30 29 30 32 28 32 30.17 0.95 2.12 89.34 180.43
SPA-6 B 7/24/98 30 30 34 31 33 30 31.33 0.99 2.12 88.50 185.84
SPA-7 7/24/98 85 84 84 85 85 84 84.50 2.72 2.12 70.83 408.14
SPA-8 A 7/24/98 44 39 39 38 41 42 40.50 1.29 2.12 89.29 243.88
SPA-8 B 7/24/98 59 59 58 59 59 59 58.83 1.89 2.12 95.74 382.40
SPA-9 7/24/98 27 26 29 27 27 27 27.17 0.86 2.12 98.93 179.35
CS-lppb 7124198 31 31 32 30 31 31 31.00 0.98 NA NA 0.98
CS-lppb 7124/98 30 29 29 30 29 29 29.33 0.93 NA NA 0.93
CS-lppb 7124198 28 31 27 30 28 28 28.67 0.91 NA NA 0.91
Avg. CS-lppb 0.94
Std. Dev. CS-lppb 0.04
% RSD 4.17%
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Table D6: Comparison of selenium concentrations in aqua regia method duplicates
Sample Name Final Cone. Sample Name Final Cone. SampleName Final Cone.
(PPb) (ppb) (ppb)
SPA-1 A 240.84 SPA-6 A 180.43 SPA-8 A 243.88
SPA-1 B 226.32 SPA-6 B 185.84 SPA-8 B 382.40
%RD 6% %RD 3% %RD 44%
Mean %RD = 18%
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Appendix £  
Total Inorganic Carbon Analysis Results and Quality Control
Total inorganic carbon (TIC) was measured by a Shimadzu Model TOC-5000A Total 
Organic Carbon Analyzer. All concentrations are reported in parts per million (ppm) or 
milli-equivalents per liter (meq/L). Calibration standard concentrations varied depending 
on the concentrations of the waters being analyzed. CSIO, 50, XOOetc. represent check 
standards of the 3 calibration standards which were run at the beginning and end of each 
calibration and after every 10 samples during the analysis. These check standards were 
used to check calibration accuracy and instrument drift throughout the analysis. Spikes 
and sample Duplicates (Dup) were ran to check analysis precision and accuracy. Field 
blanks, collected and analyzed as actual surface or groundwater samples in the field, 
were used to identify any outside field, equipment, transport or lab analysis 
contamination.
Quality Control
The mean percent recovery for all spiked samples was 98.24 (range 85.58% - 
121.02%) (Table El). The mean percent relative difference (PRD) for all duplicate 
samples analyzed was 4% (range 0.56% - 9.54%) (Table E2). Field blanks indicated that 
no significant contamination occurred during the collection, transport and analysis of 
surface and groundwater samples. The measurement of TIC in all field blanks were 
significantly below the lowest calibration standard concentrations (Table E3).
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Table El: Total Inorganic Carbon spike analysis results
Sample Name Date TIC fopm) Spike Amt. Recovery
Initial Spiked
PAW-5 10/15/98 145.8 160 20 85.58%
BS-30 10/15/98 173.7 190 20 98.87%
PA-CWS 10/15/98 60.12 80.18 20 106.31%
Mean % Spike Recovery 10/15/98 96.92%
RO-7 1/25/99 4.70 10.28 5 121.02%
PA-CD RESMPL 1/25/99 82.53 96.89 25 90.45%
Mean % Spike Recovery 10/25/99 105.74%
PA-NS 3/29/99 40.67 41.50 5 97.94%
PAW-4 3/29/99 118.40 132.70 30 87.13%
Mean % Spike Recovery 10/25/99 92.54%
PA-SS 8/6/99 59.26 84.11 30 102.59%
MSU-4 8/6/99 182.90 192.90 30 94.30%
Mean % Spike Recovery 8/6/99 98.44%
Mean % Spike Recovery for all TIC analysis 98.24%
Table E2: Total Inorganic Carbon duplicate analysis results
Sample Date TIC (ppm) Mean PRDName
Initial Duplicate
PA-CWS 10/15/98 60.12 61.64 60.88 2.50%
PAW-5 10/15/98 137.30 145.80 141.55 6.00%
BS-30 10/15/98 173.70 191.10 182.40 9.54%
BS-70 10/15/98 180.70 195.30 188.00 7.77%
Mean PRD for 10/15/98 6.45%
RO-1 1/25/99 5.23 5.36 5.29 2.42%
PA-SS 1/25/99 64.42 61.84 63.13 4.09%
PAW-6 1/25/99 119.70 126.60 123.15 5.60%
Mean PRD for 1/25/99 4.04%
PA-CD 3/29/99 80.49 78.66 79.58 2.30%
BS-38 3/29/99 247.10 241.90 244.50 2.13%
Mean PRD for 3/29/99 2.21%
PA-CS 8/6/99 59.25 59.58 59.42 0.56%
PAW-1 8/6/99 263.70 260.40 262.05 1.26%
BS-70 8/6/99 215.80 224.30 220.05 3.86%
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Sample
Name Date TIC (ppm) Mean PRD
Initial Duplicate
Mean PRD for 816199 1.89%
Mean PRD for all TIC analyses 4.00%
Table E3: All Total Inorganic Carbon analytical results
Sample Name Analysis Concentration Concentration
Date
ppm meq/L
CS10 using 20,50,100 cal. 10/15/98 10.03 0.84
CS300 10/15/98 295.90 24.64
CS300 10/15/98 296.80 24.71
CS300 10/15/98 296.70 24.70
CS200 10/15/98 199.00 16.57
CS200 10/15/98 200.20 16.67
CS200 10/15/98 200.00 16.65
CS100 10/15/98 97.39 8.11
CS100 10/15/98 102.60 8.54
csiob 10/15/98 102.00 8.49
CS100 10/15/98 100.90 8.40
CS100 10/15/98 103.20 8.59
CS100 10/15/98 96.46 8.03
CS100 10/15/98 98.07 8.17
CS100 10/15/98 98.69 8.22
CS50 10/15/98 50.10 4.17
CS50 10/15/98 53.10 4.42
CS50 10/15/98 53.37 4.44
CS50 10/15/98 52.80 4.40
CS50 10/15/98 53.75 4.48
CS20 10/15/98 19.58 1.63
CS20 10/15/98 21.69 1.81
CS20 10/15/98 21.59 1.80
CS20 10/15/98 21.14 1.76
CS20 10/15/98 21.49 1.79
CS10 10/15/98 9.21 0.77
CS10 10/15/98 9.46 0.79
CS5 10/15/98 4.57 0.38
CS5 10/15/98 4.55 0.38
CS2 10/15/98 1.61 0.13
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Sample Name Analysis Concentration Concentration
Date
ppm meq/L
CS2 10/15/98 1.74 0.14
Blank 10/15/98 0.00 0.00
Blank 10/15/98 0.00 0.00
Blank 10/15/98 0.00 0.00
Blank 10/15/98 0.00 0.00
Blank 10/15/98 0.00 0.00
Blank 10/15/98 0.00 0.00
Blank 10/15/98 0.00 0.00
Blank 10/15/98 0.00 0.00
Field Blank-1 10/15/98 0.00 0.00
Field Blank-2 10/15/98 0.00 0.00
Field Blank-3 10/15/98 0.00 0.00
RO-1 10/15/98 6.57 0.55
RO-2 10/15/98 6.01 0.50
RO-7 10/15/98 8.21 0.68
RO-1 old NA 30.19 2.51
RO-7 old NA 18.99 1.58
PA-NS 10/15/98 61.77 5.14
PA-ND 1 10/15/98 64.43 5.36
PA-CES 10/15/98 62.07 5.17
PA-CED 10/15/98 61.83 5.15
PA-CS 10/15/98 62.04 5.17
PA-CD 10/15/98 62.37 5.19
PA-CWS 10/15/98 60.12 5.01
PA-CWD 10/15/98 62.89 5.24
PA-CWS Dup 10/15/98 61.64 5.13
PA-CWS Spike 10/15/98 80.18 6.68
PA-SS 10/15/98 61.95 5.16
PA-SD 10/15/98 62.49 5.20
MSU-4 10/15/98 133.00 11.07
PAW-1 10/15/98 188.80 15.72
PAW-2 10/15/98 161.00 13.40
PAW-3 10/15/98 92.60 7.71
PAW-4 10/15/98 92.55 7.71
PAW-5 10/15/98 137.30 11.43
PAW-5 Dup 10/15/98 145.80 12.14
PAW-5 Spike 20 10/15/98 160.00 13.32
PAW-6 10/15/98 116.70 9.72
BS-28 10/15/98 145.60 12.12
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Sample Name Analysis Concentration Concentration
Date
ppm meq/L
BS-30 10/15/98 173.70 14.46
BS-30 Dup 10/15/98 191.10 15.91
BS-30 Spike 20 10/15/98 190.00 15.82
BS-38 10/15/98 173.70 14.46
BS-70 Dup 10/15/98 195.30 16.26
BS-70 10/15/98 180.70 15.04
Winter Sampling
Blank 1/25/99 -0.79 -0.07
CS5 1/25/99 4.43 0.37
CS25 1/25/99 26.06 2.17
CS50 1/25/99 51.54 4.29
CS150 1/25/99 150.80 12.56
CS250 1/25/99 250.60 20.86
RO-1 1/25/99 5.23 0.44
RO-2 1/25/99 10.94 0.91
RO-3 1/25/99 12.82 1.07
RO-5 1/25/99 9.94 0.83
RO-6 1/25/99 3.85 0.32
RO-1 Dup 1/25/99 5l36 0.45
RO-Lake 1/25/99 11.64 0.97
CS5 1/25/99 4.95 0.41
CS25 1/25/99 24.54 2.04
CS50 1/25/99 49.82 4.15
RO-7 1/25/99 4.70 0.39
RO-7 Spike 5 1/25/99 10.28 0.86
Field Blank-1 1/25/99 1.38 0.12
PA-SS 1/25/99 64.42 5.36
PA-SM 1/25/99 64.24 5.35
PA-SD 1/25/99 69.43 5.78
PA-CS 1/25/99 64.36 5.36
PA-CD 1/25/99 78.77 6.56
PA-CS RESMPL 1/25/99 66.00 5.49
PA-CD RESMPL 1/25/99 82.53 6.87
Field Blank-2 1/25/99 -0.25 -0.02
Field Blank-3 1/25/99 -0.25 -0.02
PA-SS Dup 1/25/99 61.84 5.15
PA-CD RESMPL Spike 25 1/25/99 96.89 8.07
CS50 1/25/99 51.05 4.25
CS150 1/25/99 144.70 12.05
Sample Name Analysis Concentration Concentration
Date
ppm meqIL
CS250 1/25/99 247.20 20.58
BS-28 1/25/99 166.60 13.87
BS-38 1/25/99 201.80 16.80
PAW-1 1/25/99 210.30 17.51
PAW-2 1/25/99 180.60 15.04
PAW-3 1/25/99 110.60 9.21
PAW-4 1/25/99 103.50 8.62
PAW-5 1/25/99 155.40 12.94
PAW-6 1/25/99 119.70 9.97
PAW-7 1/25/99 263.70 21.95
PAW-6 Dup 1/25/99 126.60 10.54
CS50 1/25/99 51.21 4.26
CS150 1/25/99 149.80 12.47
CS250 1/25/99 248.20 20.66
..................... ...................... Spr ins Sampling *
CS50 3/29/99 48.45 4.03
CS150 3/29/99 151.00 12.57
CS300 3/29/99 298.50 24.85
PA-SS 3/29/99 70.06 5.83
PA-SM 3/29/99 74.88 6.23
PA-SD 3/29/99 78.63 6.55
PA-CS 3/29/99 67.72 5.64
PA-CD 3/29/99 80.49 6.70
PA-NS 3/29/99 40.67 3.39
PA-ND 3/29/99 82.68 6.88
Field Blank-1 and 2 3/29/99 -4.75 -0.40
BS-30 3/29/99 254.70 21.21
BS-70 3/29/99 226.90 18.89
CS50 3/29/99 52.87 4.40
CS150 3/29/99 154.10 12.83
CS300 3/29/99 305.00 25.39
MSU-4 3/29/99 181.30 15.09
BS-27 3/29/99 245.20 20.41
BS-28 3/29/99 197.40 16.43
BS-38 3/29/99 247.10 20.57
PAW-1 3/29/99 253.70 21.12
PAW-2 3/29/99 204.70 17.04
PAW-3 3/29/99 124.70 10.38
CS150 3/29/99 155.10 12.91
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Sample Name Analysis Concentration Concentration
Date
ppm meq/L
CS300 3/29/99 302.60 25.19
PAW-4 3/29/99 118.40 9.86
PAW-5 3/29/99 146.70 12.21
PAW-6 3/29/99 135.10 11.25
PAW-7 3/29/99 308.10 25.65
PAW-8 3/29/99 255.60 21.28
CS150 3/29/99 159.60 13.29
CS300 3/29/99 307.00 25.56
PA-NS spike 5 3/29/99 41.50 3.46
BS-70 spike 30 3/29/99 227.60 18.95
PA-CD Dup 3/29/99 78.66 6.55
BS-38 Dup 3/29/99 241.90 20.14
PA-NS spike 15 3/29/99 59.23 4.93
PAW-4 spike 30 3/29/99 132.70 11.05
,• -  - •• - • Summer Sami
Blank 8/6/99 -4.01 -0.33
CS30 8/6/99 29.04 2.42
CS150 8/6/99 155.30 12.93
CS300 8/6/99 300.60 25.03
Field Blank-1 8/6/99 -4.01 -0.33
Field Blank-2 8/6/99 -4.01 -0.33
PA-CS 8/6/99 59.25 4.93
PA-CD 8/6/99 80.24 6.68
PA-NS 8/6/99 58.75 4.89
PA-ND 8/6/99 62.27 5.18
PA-SS 8/6/99 59.26 4.93
PA-SD 8/6/99 66.62 5.55
PA-CS Dup 8/6/99 59.58 4.96
PA-SS Spike 30 8/6/99 84.11 7.00
CS30 8/6/99 28.79 2.40
CS150 8/6/99 154.30 12.85
CS300 8/6/99 298.90 24.89
PAW-1 8/6/99 263.70 21.95
PAW-2 8/6/99 196.90 16.39
PAW-3 8/6/99 121.10 10.08
PAW-4 8/6/99 119.60 9.96
PAW-5 8/6/99 167.50 13.95
PAW-6 8/6/99 146.70 12.21
PAW-7 8/6/99 304.30 25.34
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Sample Name Analysis Concentration Concentration
Date
ppm meq/L
PAW-8 8/6/99 250.60 20.86
PAW-1 Dup 8/6/99 260.40 21.68
CS30 8/6/99 31.36 2.61
CS150 8/6/99 154.10 12.83
CS300 8/6/99 299.80 24.96
BS-38 8/6/99 228.90 19.06
BS-28 8/6/99 193.50 16.11
BS-30 8/6/99 245.00 20.40
BS-70 8/6/99 215.80 17.97
MSU-4 8/6/99 182.90 15.23
BS-27 8/6/99 238.50 19.86
BS-70 Dup 8/6/99 224.30 18.67
MSU-4 Spike 30 8/6/99 192.90 16.06
CS30 8/6/99 31.22 2.60
CS150 8/6/99 153.60 12.79
CS300 8/6/99 299.60 24.94
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Appendix F 
Ion Chromatograph Analysis Results and Quality Control
The following data were measured by a Dionex ion chromatograph (IC) equipped with a 
AS4A column, IOjuL loop and a ASRS-1 cation suppressor (Dionex inc.). All 
concentrations are reported in milligrams per liter. AUTOCAL1, 2, 3, and 4 represent 
the ion chromatograph calibration standard concentrations which varied depending on the 
concentrations of the waters being analyzed. AUTOCAL1, 2 and 3 are 5%, 10% and 
50% dilutions of AUTOCAL4 respectively. CS1, 2, 3, and 4 represent check standards 
of the 4 calibration standards which were run at the beginning and end of each calibration 
and after every 10 sample runs during the analysis. These check standards were used to 
check calibration accuracy and instrument drift throughout the analysis. QCSPEX was 
ran as an outsike check standard to check calibration accuracy. Sample Spikes and 
sample Duplicates (Dup) were also ran to check ion chromatography analysis precision 
and accuracy. Spikes and Duplicates were performed on 10% of the total number of 
samples to be analyzed during each analysis. Field blanks, collected and analyzed as 
actual surface or groundwater samples in the field, were used to identify any outside 
field, equipment, transport or lab analysis contamination.
Quality Control
The mean percent recovery of the QCSPEX check standard for all ion 
chromatograph work completed was 91.2% (range 86%-96%) for chloride and 100.4% 
(range 99%-101%) for nitrate (Table FI). The concentration of sulfide in the QCSPEX
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standard was below the calibration standard concentrations for all analysis except on 
1/27/99. The percent recovery of sulfide for this analysis was 89% (Table FI).
The mean percent recovery for all spiked samples was 108% (range 101%-116%) 
for chloride, 104% (range 89%-126%) for nitrate and 105% (range 99%-109%) for 
sulfide (Table F2). The mean percent relative difference (PRD) for all duplicate samples 
analyzed was 2.02% (range 0.05%-7.75%) for chloride and 0.88% (range 0.06%-3.94%) 
for sulfide (Table F3). Only one duplicate sample contained measurable amounts of 
nitrate for duplicate comparison. This sample was a runoff sample analyzed on 1/27/99. 
The PRD for this duplicate was 1.17% (Table F3). Field blanks indicated that no outside 
field, equipment, transport or lab analysis contamination occurred (Table F4).
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Table FI: Ion Chromat ograph QCSPEX standard analysis results
Sample Name Analysis Date Chloride Nitrate Sulfate
OCSPEX REPORTED 20.00 10.00 20.00
QCSPEX 10/16/98 19.27 9.93 BC
QCSPEX 10/16/98 19.47 9.96 BC
QCSPEX 10/16/98 19.47 9.98 BC
QCSPEX 1/10 10/16/98 1.83 (18.3) 0.97 (9.7) BC
Relative Avg. 19.13 9.90 NA
Mean Recovery o f Std. For 10116199 96% 99% NA
QCSPEX 1/26/99 19.23 AC BC
QCSPEX 1/10 1/26/99 BC 1.01 BC
Relative Avg. NA NA NA
Mean Recovery o f Std. For 1/26199 96% 101% NA
QCSPEX 1/27/99 AC AC 17.78
QCSPEX 1/10 1/27/99 1.83 1.01 BC
Relative Avg. NA NA NA
Mean Recovery o f Std. For 1/27/99 92% 101% 89%
QCPEX 03/31/99 18.95 AC BC
QCPEX1/10 03/31/99 1.56 (15.6) 1 BC
Relative Avg. 17.3 NA NA
Mean Recovery o f Std. For 03/31/99 86% 100% NA
QCPEX 8/6/99 18.27 AC BC
QCPEX1/10 8/6/99 1.60 1.01 BC
Relative Avg. 17.2 NA NA
Mean Recovery of Std. For 8/6/99 86% 101% NA
Mean Recovery For All IC Analysis 91.2% 100.4% 89%
Above Calibration -  AC 
Below Calibration -  BC
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Table F2: Ion Chromatograph spike analysis results
Chloride (mg/L) Nitrate (mg/L) Sulfate (mg/L)
Sample
Name Date Initial Spike
Spike Spike Initial Spike Spike Spike Initial Spike Spike Spike
PAW-3 10/16/98 6.61 11.10 5.00 103% 0.00 1.01 1.00 101% 1541 1711 300 108%
P-4 10/16/98 10.07 14.62 5.00 111% 0.00 1.00 1.00 100% 2070 2173 300 103%
PA-NS 10/16/98 9.19 13.79 5.00 110% 0.00 1.03 1.00 103% 1426 1604 300 107%
R07 10/16/98 0.96 1.40 0.50 107% 0.66 0.82 0.20 114% 31.06 42.76 15 99%
Mean % Recovery for 10/16/98 107% 104% 104%
PA-CS RE 01/26/99 9.95 14.78 5.00 116% 0.00 0.25 0.20 123% 1482 1661 300 109%
PAW-3 01/26/99 6.88 11.55 5.00 107% 0.00 0.25 0.20 126% 1564 1735 300 109%
RO-7 01/27/99 3.05 3.33 0.50 115% 0.81 0.94 0.20 105% 134.8 137.0 15 105%
Mean % Recovery for 1/27/99 113% 118% 108%
PA-ND 03/31/99 10.20 12.51 3.00 111% 0.000 0.203 0.20 101% 1449 1676 350 106%
BS-28 03/31/99 9.93 12.28 3.00 111% 0.000 0.199 0.20 99% 1795 1979 350 104%
PAW-4 03/31/99 6.70 9.01 3.00 99% 0.000 0.203 0.20 102% 1413 1640 350 105%
Mean % Recovery for 3/31/99 107% 101% 105%
PA-CD 08/06/99 8.39 10.58 3.00 101% 0.000 0.183 0.20 91% 1410 1627 350 102%
PAW-4 08/06/99 6.51 8.96 3.00 103% 0.000 0.183 0.20 92% 1461 1688 350 107%
BS-70 08/06/99 4.59 7.36 3.00 108% 0.000 0.178 0.20 89% 909.5 1191 350 106%
Mean % Recovery for 8/6/99 104% 91% 105%
Mean % Recovery for all IC 
Analyses 108% 104% 105%
Table F3: Ion Chrom atograph dup icate analysis results
Chloride (mg/L) Nitrate (mg/L) Sulfate (mg/L)
Sample
Name
D a te
Initial Dup. Avg. PRD Initial Dup. Avg. PRD Initial Dup. Avg. PRD
P-4 10/16/98 10.07 10.74 10.40 6.38% <0.1 <0.1 NA NA 2070.35 2072.57 2071.46 0.11%
PAW-3 10/16/98 6.61 6.60 6.61 0.05% <0.1 <0.1 NA NA 1540.76 1539.85 1540.31 0.06%
PA-NS 10/16/98 9.19 9.31 9.25 1.29% < 0 .1 1 <0.1 NA NA 1426.04 1442.71 1434.38 1.16%
MeanPRD for 10116198 2.57% NA 0.44%
PA-SM 1/26/99 9.96 10.05 10.00 0.87% <0.1 <0.1 NA NA 1493.96 1481.69 1487.83 0.82%
RO-1 1/27/99 0.30 0.32 0.31 7.75% 0.16 0.16 0.16 1.17% 7.79 8.10 7.94 3.94%
MeanPRD for 1126-27199 4.31% NA 2.38%
PA-SD 3/31/99 10.00 10.22 10.11 2.21% <0.1 <0.1 NA NA 1463.73 1490.81 1477.27 1.83%
BS-27 3/31/99 13.11 13.45 13.28 2.56% <0.1 <0.1 NA NA 1974.65 1993.14 1983.90 0.93%
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Chloride (mg/L) Nitrate (mg/L) Sulfate (mg/L)
Sample
Name
D ate
Initial D u d . Avs. PRD Initial D u d . Avs. PRD Initial D u d . Avs. PRD
PAW-1 3/31/99 9.26 9.30 9.28 0.43% <0.1 <0.1 NA NA 3645.01 3650.44 3647.73 0.15%
MeanPRD fo r3131199 1.73% NA 0.97%
PA-ND 8/6/99 7.96 7.94 7.95 0.28% <0.1 <0.1 NA NA 1407.96 1414.53 1411.25 0.47%
PAW-3 8/6/99 6.52 6.54 6.53 0.31% <0.1 <0.1 NA NA 1614.89 1616.64 1615.77 0.11%
BS-30 8/6/99 18.23 18.24 18.24 0.09% <0.1 <0.1 NA NA 2590.48 2586.89 2588.69 0.14%
Mean PRD for 816199 0.23% NA 0.24%
Mean PRD for all IC analysis 2.02% NA 0.9%
Table F4: All Ion Chrom atograph analyltical results
Sample Name Analysis Date Chloride(mg/L)
Nitrate
(mg/L)
Sulfate
(mg/L)
1/10 CS2 10/16/98 0.85 0.12 54.68
AUTOCAL1 10/16/98 2.50 0.50 150.00
AUTOCAL2 10/16/98 5.00 1.00 300.00
AUTOCAL3 10/16/98 25.00 5.00 1500.00
AUTOCAL4 10/16/98 50.00 10.00 3000.00
CS1 10/16/98 2.69 0.52 154.97
CS1 10/16/98 2.76 0.53 156.02
CS1 10/16/98 2.70 0.55 155.43
CS1 10/16/98 2.75 0.50 154.91
CS2 10/16/98 4.84 1.00 295.96
CS2 10/16/98 4.85 1.00 298.90
CS2 10/16/98 4.83 1.00 299.48
CS2 10/16/98 4.89 0.98 297.20
CS3 10/16/98 24.96 4.95 1497.70
CS3 10/16/98 25.31 4.99 1523.56
CS3 10/16/98 25.98 4.99 1513.48
CS4 10/16/98 49.99 9.92 2997.67
CS4 10/16/98 49.93 10.03 3013.96
CS4 10/16/98 50.25 10.05 3027.43
AUTOCAL1 10/16/98 0.25 0.10 7.50
AUTOCAL2 10/16/98 0.50 0.20 15.00
AUTOCAL3 10/16/98 2.50 1.00 75.00
AUTOCAL4 10/16/98 5.00 2.00 150.00
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Sample Name Analysis Date Chloride(mg/L)
Nitrate
(mg/L)
Sulfate
(mg/L)
CS1 10/16/98 0.29 0.11 8.16
CS1 10/16/98 0.26 0.10 7.95
CS2 10/16/98 0.53 0.21 14.48
CS2 10/16/98 0.51 0.21 14.38
CS3 10/16/98 2.49 1.02 74.11
CS3 10/16/98 2.50 1.01 73.97
CS4 10/16/98 5.04 2.00 149.87
CS4 10/16/98 5.05 1.99 150.40
PA-NS 10/16/98 9.19 <0.1 1426.04
PA-NS Dup 10/16/98 9.31 <0.1 1442.71
PA-NS Spike 10/16/98 13.79 1.03 1604.50
PA-ND 10/16/98 9.25 <0.1 1439.89
PA-CWS 10/16/98 9.13 <0.1 1426.17
PA-CWD 10/16/98 9.05 <0.1 1427.65
PA-CS 10/16/98 8.99 <0.1 1426.01
PA-CD 10/16/98 9.18 <0.1 1433.64
PA-CES 10/16/98 9.10 <0.1 1430.31
PA-CED 10/16/98 9.05 <0.1 1429.36
PA-SS 10/16/98 9.10 <0.1 1429.00
PA-SD 10/16/98 9.07 <0.1 1428.49
RO-1 10/16/98 2.20 1.07 126.23
RO-2 10/16/98 1.18 0.86 115.66
RO-7 10/16/98 0.96 0.66 31.06
RO-7 Spike 10/16/98 1.40 0.82 42.76
RO-1 old 10/16/98 2.87 <0.1 36.78
RO-7 old 10/16/98 1.25 <0.1 16.43
PAW-1 10/16/98 7.40 <0.1 3092.26
PAW-2 10/16/98 8.01 <0.1 3559.14
PAW-3 10/16/98 6.61 <0.1 1540.76
PAW-3 Dup 10/16/98 6.60 <0.1 1539.85
PAW-3 Spike 10/16/98 11.10 1.01 1711.43
PAW-4 10/16/98 6.54 <0.1 1438.23
PAW-5 10/16/98 9.15 <0.1 3072.68
PAW-6 10/16/98 8.10 <0.1 2879.43
BS-70 10/16/98 5.35 <0.1 972.94
BS-30 10/16/98 18.42 <0.1 2567.24
MSU-4 10/16/98 10.07 <0.1 2070.35
MSU-4 Dup 10/16/98 10.74 <0.1 2072.57
P-4 Spike 10/16/98 14.62 1.00 2173.08
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Sample Name Analysis Date Chloride(mg/L)
Nitrate
(mg/L)
Sulfate
(mg/L)
BS-28 10/16/98 9.14 <0.1 1768.65
BS-38 10/16/98 13.13 <0.1 1984.03
Field Blank-1 10/16/98 <0.25 <0.1 <7.5
Field Blank-2 10/16/98 <0.25 <0.1 <7.5
Field Blank-3 10/16/98 <0.25 <0.1 <7.5
1/10 std2 10/16/98 0.85 0.12 < 150
AUTOCAL1 1/26/99 2.50 0.10 150.00
AUTOCAL2 1/26/99 5.00 0.20 300.00
AUTOCAL3 1/26/99 25.00 1.00 1500.00
AUTOCAL4 1/26/99 50.00 2.00 3000.00
QCSPEX 1/26/99 19.23 7.16 47.59
QCSPEX 1/10 1/26/99 1.93 1.01 35.60
BLANK 1/26/99 0.00 0.00 0.00
CS1 1/26/99 2.62 0.09 154.87
CS2 1/26/99 4.87 0.19 297.46
CS3 1/26/99 25.34 1.02 1516.73
CS4 1/26/99 50.18 2.01 3010.56
PA-SS ] 1/26/99 9.96 <0.1 1490.84
PA-SM 1/26/99 9.96 <0.1 1481.69
PA-SD 1/26/99 10.26 <0.1 1496.49
PA-CS 1/26/99 10.09 <0.1 1498.05
PA-CD 1/26/99 10.65 <0.1 1530.34
PA-CS RE 1/26/99 9.95 <0.1 1482.82
PA-CD RE 1/26/99 10.57 0.09 1534.11
PA-SM Dup 1/26/99 10.05 <0.1 1493.96
PA-CS RE Spike 1/26/99 14.78 0.25 1660.95
PAW-1 1/26/99 7.61 <0.1 2942.81
PAW-2 1/26/99 7.67 <0.1 3333.93
PAW-2 1/2 1/26/99 3.98 <0.1 1681.14
PAW-3 1/26/99 6.88 <0.1 1563.93
PAW-4 1/26/99 6.73 <0.1 1428.94
PAW-5 1/26/99 9.27 <0.1 2780.21
PAW-6 1/26/99 8.82 <0.1 2406.32
PAW-7 1/26/99 10.94 <0.1 3252.05
PAW-7 1/2 1/26/99 5.50 <0.1 1652.78
PAW-1 Dup 1/26/99 7.24 <0.1 2955.57
PAW-3 Spike 1/26/99 11.55 0.25 1734.89
BS-28 1/26/99 10.38 <0.1 1842.59
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Sample Name Analysis Date Chloride(mg/L)
Nitrate
(mg/L)
Sulfate
(mg/L)
BS-38 1/26/99 12.34 <0.1 1979.02
CS1 1/26/99 2.77 0.10 158.04
CS2 1/26/99 4.98 0.20 304.78
CS3 1/26/99 25.86 1.03 1549.93
CS4 1/26/99 51.55 2.07 3092.90
AUT0CAL1 1/27/99 0.25 0.10 7.50
AUTOCAL2 1/27/99 0.50 0.20 15.00
AUTOCAL3 1/27/99 2.50 1.00 75.00
AUTOCAL4 1/27/99 5.00 2.00 150.00
QCPEX 1/27/99 11.33 5.21 17.78
QCPEX 1/10 1/27/99 1.83 1.01 3.03
BLANK 1/27/99 0.02 0.00 1.53
CS1 1/27/99 0.30 0.11 8.31
CS2 1/27/99 0.60 0.26 14.50
CS3 1/27/99 2.62 1.03 74.88
CS4 1/27/99 5.21 2.02 149.73
Field Blank-1 1/27/99 <0.25 <0.1 <7.5
Field Blank-2 1/27/99 <0.25 <0.1 <7.5
Field Blank-3 1/27/99 ] <0.25 <0.1 <7.5
RAINWATER 1/27/99 <0.25 0.15 <7.5
Pond B 1/27/99 0.67 0.20 61.82
RO-1 1/27/99 0.30 0.16 7.79
RO-2 1/27/99 0.49 0.48 183.36
RO-3 1/27/99 0.65 0.14 36.54
RO-5 1/27/99 0.85 0.13 453.27
RO-6 1/27/99 0.46 <0.1 6.35
RO-7 1/27/99 3.05 <0.1 134.81
RO-1 Dup 1/27/99 0.32 0.16 8.10
RO-7 Spike 1/27/99 3.33 0.94 137.04
CS1 1/27/99 0.27 0.10 7.54
CS2 1/27/99 0.51 0.21 14.23
CS3 1/27/99 2.55 1.01 75.26
CS4 1/27/99 5.03 2.02 150.97
CS4 2-8-99 1/27/99 5.02 1.98 149.67
QCSPEX 1/27/99 11.32 5.20 17.92
QCSPEX 1/10 1/27/99 1.81 1.00 2.99
6.5 ppm Sulfate 1/27/99 0.29 <0.1 6.93
RO-5 1/10 1/27/99 0.09 <0.1 64.51
- \ 1-* Sping Sampliiti*X: r y \  v • < , -.̂ ’5..lM'<w
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Sample Name Analysis Date Chloride(mg/L)
Nitrate
(mg/L)
Sulfate
(mg/L)
STD4 03/31/99 29.64 1.92 3489.62
STD4 03/31/99 30.58 2.14 3500.72
AUT0CAL1 03/31/99 1.50 0.10 175.00
AUTOCAL2 03/31/99 3.00 0.20 350.00
AUTOCAL3 03/31/99 15.00 1.00 1750.00
AUTOCAL4 03/31/99 30.00 2.00 3500.00
QCSPEX 03/31/99 18.95 3.66 41.60
QCSPEX1/10 03/31/99 1.56 1.00 27.42
CS1 03/31/99 1.32 0.10 171.30
CS2 03/31/99 2.65 0.19 339.98
CS3 03/31/99 14.97 1.01 1756.70
CS4 03/31/99 29.98 2.01 3492.88
PA-SS 03/31/99 9.36 <0.1 1357.04
PA-SM 03/31/99 9.95 <0.1 1460.18
PA-SD 03/31/99 10.00 <0.1 1463.73
PA-CS 03/31/99 9.03 <0.1 1296.14
PA-CD 03/31/99 10.02 <0.1 1476.08
PA-NS 03/31/99 5.58 <0.1 714.90
PA-ND 03/31/99 10.20 < 0 .1 1 1449.81
Field Blank-1 03/31/99 < 1.5 <0.1 < 175
BS-27 03/31/99 13.11 <0.1 1974.65
BS-28 03/31/99 9.94 <0.1 1794.86
BS-38 03/31/99 12.23 <0.1 1926.82
PA-SD Dup 03/31/99 10.22 <0.1 1490.81
CS-1 03/31/99 1.39 0.09 171.57
CS-2 03/31/99 2.63 0.20 340.27
CS-3 03/31/99 15.11 1.01 1762.44
CS-4 03/31/99 30.01 2.00 3498.47
MSU-4 03/31/99 10.85 <0.1 2038.50
BS-70 03/31/99 5.31 <0.1 956.04
BS-30 03/31/99 17.56 <0.1 2504.94
BS-27 Dup 03/31/99 13.45 <0.1 1993.14
PAW-1 03/31/99 9.26 <0.1 3645.01
PAW-2 03/31/99 7.92 <0.1 3161.81
PAW-3 03/31/99 6.72 <0.1 1587.21
PAW-4 03/31/99 6.70 <0.1 1413.17
PAW-5 03/31/99 11.52 <0.1 2393.59
PAW-6 03/31/99 8.93 <0.1 2135.35
PAW-7 03/31/99 10.65 <0.1 3132.71
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Sample Name Analysis Date Chloride(mg/L)
Nitrate
(mg/L)
Sulfate
(mg/L)
PAW-8 03/31/99 9.49 <0.1 2798.66
PAW-1 Dup 03/31/99 9.30 <0.1 3650.44
PA-ND Spike 03/31/99 12.52 0.20 1676.11
BS-28 Spike 03/31/99 12.28 0.20 1978.84
PAW-4 Spike 03/31/99 9.02 0.20 1640.42
CS-1 03/31/99 1.37 0.09 172.42
CS-2 03/31/99 2.62 0.19 341.37
CS-3 03/31/99 15.06 1.00 1773.18
CS-4 03/31/99 30.21 2.01 3535.19
AUTOCAL1 8/6/99 0.25 0.10 7.50
AUTOCAL2 8/6/99 0.50 0.20 15.00
AUTOCAL3 8/6/99 2.50 1.00 75.00
AUTOCAL4 8/6/99 5.00 2.00 150.00
AUTOCAL1 8/6/99 1.50 0.10 175.00
AUTOCAL2 8/6/99 3.00 0.20 350.00
AUTOCAL3 8/6/99 15.00 1.00 1750.00
AUTOCAL4 8/6/99 30.00 2.00 1 3500.00
QC SPEX 8/6/99 18.27 6.93 54.99
1/10 QC SPEX 8/6/99 1.60 1.01 42.84
CS1 8/6/99 0.27 0.11 8.58
CS2 8/6/99 0.48 0.19 14.87
CS3 8/6/99 2.50 1.00 75.00
CS4 8/6/99 5.04 2.06 150.66
CS3 8/6/99 2.53 0.98 75.17
CS1 8/6/99 1.48 0.09 180.69
CS2 8/6/99 2.81 0.17 345.02
CS3 8/6/99 15.04 1.02 1753.07
CS4 8/6/99 30.03 2.00 3515.66
Field Blank-1 8/6/99 <0.25 <0.1 <7.5
Field Balnk-2 8/6/99 <0.25 <0.1 <7.5
PA-CS 8/6/99 7.95 <0.1 1402.07
PA-CD 8/6/99 8.39 <0.1 1409.98
PA-NS 8/6/99 8.08 <0.1 1399.04
PA-ND 8/6/99 7.96 <0.1 1407.96
PA-SS 8/6/99 7.96 <0.1 1393.38
PA-SD 8/6/99 8.57 <0.1 1379.73
PA-ND DUP 8/6/99 7.94 <0.1 1414.53
PA-CD SPIKE 8/6/99 10.58 0.18 1626.72
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Sample Name Analysis Date Chloride(mg/L)
Nitrate
(mg/L)
Sulfate
(mg/L)
PAW-1 8/6/99 8.39 <0.1 3363.96
PAW-2 8/6/99 7.91 <0.1 3475.79
PAW-3 8/6/99 6.52 <0.1 1614.89
PAW-4 8/6/99 6.51 <0.1 1460.79
PAW-5 8/6/99 10.47 <0.1 2953.35
PAW-6 8/6/99 8.15 <0.1 2513.89
HIGH STD1 8/6/99 1.47 0.08 182.01
HIGH STD2 8/6/99 2.74 0.18 347.05
HIGH STD3 8/6/99 15.04 1.01 1758.22
HIGH STD4 8/6/99 30.40 2.01 3512.48
PAW-7 8/6/99 10.61 <0.1 3290.06
PAW-8 8/6/99 9.51 <0.1 2900.77
PAW-3 DUP 8/6/99 6.54 <0.1 1616.64
PAW-4 SPIKE 8/6/99 8.97 0.18 1687.94
BS-30 8/6/99 18.23 <0.1 2590.48
BS-27 8/6/99 13.85 <0.1 2051.18
BS-38 8/6/99 12.78 <0.1 1994.87
BS-28 8/6/99 9.69 <0.1 1814.17
BS-70 8/6/99 4.60 <0.1 909.52
MSU-4 8/6/99 10.63 <0.1 2090.52
BS-30 DUP 8/6/99 18.24 <0.1 2586.89
BS-70 SPIKE 8/6/99 7.36 0.18 1191.27
CS1 8/6/99 1.53 0.09 183.09
CS2 8/6/99 2.88 0.18 348.78
CS3 8/6/99 15.08 1.03 1766.67
CS4 8/6/99 30.26 2.02 3533.46
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Appendix G
Inductively Coupled Argon Plasma Emission Spectrophotometry (ICAPES) 
Analysis Results and Quality Control
The following data were measured for selected trace and major cationic elements on a 
Thermo-Jarrell Ash, IRIS inductively coupled argon plasma emission spectrophotometry 
(ICAPES). Data representing fall conditions were analyzed on 10/30/98, 11/4/98 and 
11/6/98; data representing winter and spring conditions were analyzed on 5/25/99 and 
5/26/99, and 5/27/99 and 5/28/99 respectively; and data representing summer conditions 
were analyzed on 9/9/99 and 9/16/99. All concentrations are reported in parts per million 
(ppm). USGS T-143 reference standard was analyzed at the beginning and end of each 
calibration and after every 2 to 10 samples during the analysis. This standard and a 
Composite standard (COMP), which contained all elements in the calibration standards, 
were ran during the analysis to check analysis accuracy and ICAPES drift. If significant 
instrument drift was detected then the ICPAPES was recalibrated and sample analysis 
was not continued until the USGS T-143 standard passed the defined specifications for 
each element of interest. Spikes and sample duplicates (Dup) were also ran to check 
analysis precision and accuracy. Field blanks, collected and analyzed as actual surface 
or groundwater samples in the field, were used to identify any outside field, equipment, 
transport or lab analysis contamination.
Quality Control
All elements were within the USGST143 standard range of reported values for fall 
ICAPES analysis except Ca, Cr and Cu all of which fell outside the upper range limit for
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their measured deviations (Table G l). The standard deviation for multiple analysis of Ca 
with in the USGST143 standard fell outside the upper range limit by 0.8mg/L. Cu 
concentration in surface and groundwaters were above detection only in one runoff 
sample and Cr concentrations were never above the ICAPES detection limits. Therefore, 
the significance of any inaccuracy in this data was not considered. Winter and spring 
measurements of the USGST143 standard were within the USGST143 standard range of 
reported values for all elements (Table G2). Summer measurements of the USGST143 
standard were within the USGST143 standard range of reported values for all elements 
except Cr and Pb, both of which were not detected in environmental samples (Table G3). 
The mean spike recovery, over all ICAPES analysis, was 102% (range 68% to 139%) 
(Table G4). Mean spike recoveries for individual elements, over all ICAPES analysis, 
ranged from 92% to 111% (Table G4). The mean PRD for all ICAPES duplicates 
analyzed was 2.69% (range 0% to 12.9%) (Table G5). Field blanks indicated that small 
amounts of outside field, equipment, transport or lab analysis contamination occurred 
(Table G6). Detectable levels of Ca, Mg, S, Sr, Na and Si found in field blanks account 
for less than 1.5% of concentrations found in environmental samples (Table G6). 
Significant levels of Ba contamination was detected in Field Blank-1 collected on 
8/01/99. Barium concentrations measured in Field Blank-1 (0.037 ppm) were greater 
than concentrations recorded for Pond A (Table G6). However, the concentrations of Ba 
measured in Pond A during summer sampling agree with previous data collected at the 
site. Therefore, it is likely that Pond-A samples were not contaminated with Ba and 
measured values of Ba within Pond A are real.
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Table G l: Fall ICP analysis of USGST143 reference water standard comparing 
reported and measured values______ ______ _____________ ______________________
Reported 
Standard for 
USGS T-143
Element B Ba Be Ca Cd Co Cr
No. of Msrmnts. 35 68 61 86 81 53 79
MPV (ppm) 0.035 0.0819 0.0085 53.7 0.0191 0.017 0.037
Range (2x f- 
pseudosigma) 0.0104 0.009 0.00132 4.4 0.003 0.0024 0.0052
M easured 
USGS T-143
Mean (ppm) 0.033 0.083 0.008 57.9 0.019 0.02 0.038
STDEV (n=13) 0.0011 0.0030 0.00023 0.9 0.0005 0.0008 0.0048
Comparison
Mean w/n Range Pass Pass Pass Pass Pass Pass Pass
Lower Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
Upper Limit w/n 
Range Pass Pass Pass Fail Pass Pass Fail
Reported 
Standard for 
USGS T-143
Element Cu Fe K Li Mg Mn Mo
No. of Msrmnts. 90 93 84 34 88 86 54
MPV (ppm) 0.0223 0.222 2.5 0.018 10.4 0.0182 0.0361
Range (2x f- 
pseudosigma) 0.0038 0.028 0.42 0.0042 1 0.0038 0.0086
Measured 
USGS T-143
Mean (ppm) 0.024 0.219 2.6 0.019 10.6 0.017 0.034
STDEV (n=13) 0.0022 0.0076 0.1233 0.0004 0.38 0.0005 0.0012
Comparison
Mean w/n Range Pass Pass Pass Pass Pass Pass Pass
Lower Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
Upper Limit w/n 
Range Fail Pass Pass Pass Pass Pass Pass
Reported 
Standard for 
USGS T-143
Element Na Ni Pb Si Sr V Zn
No. of Msrmnts. 88 81 84 56 45 54 75
MPV (ppm) 34 0.071 0.0834 10.94 0.306 0.03 0.02
Range (2x f- 
pseudosigma) 3.2 0.01 0.0142 1.64 0.03 0.006 0.0044
M easured 
USGS T-143
Mean (ppm) 35 0.071 0.08 10.73 0.289 0.03 0.020
STDEV (n=13) 1.9 0.002 0.004 0.287 0.010 0.002 0.0006
Comparison
Mean w/n Range Pass Pass Pass Pass Pass Pass Pass
Lower Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
Upper Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
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Table G2: Winter and Spring ICP analysis of USGST143 reference water standard
Reported 
Standard for 
USGS T-143
Element B Ba Be Ca Cd Co Cr
No. of Msrmnts. 35 68 61 86 81 53 79
MPV (ppm) 0.035 0.0819 0.0085 53.7 0.0191 0.017 0.037
Range (2x f- 
pseudosigma) 0.0104 0.009 0.00132 4.4 0.003 0.0024 0.0052
Measured 
USGS T-143
Mean (ppm) 0.035 0.081 0.008 55.4 0.019 0.02 0.036
STDEV (n=17) 0.0010 0.0019 0.00026 1.3 0.0005 0.0003 0.0018
Comparison
Mean w/n Range Pass Pass Pass Pass Pass Pass Pass
Lower Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
Upper Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
Reported 
Standard for 
USGS T-143
Element Cu Fe K Li Mg Mn Mo
No. of Msrmnts. 90 93 84 34 88 86 54
MPV (ppm) 0.0223 0.222 2.5 0.018 10.4 0.0182 0.0361
Range (2x f- 
pseudosigma) 0.0038 0.028 0.42 0.0042 1 0.0038 0.0086
Measured 
USGS T-143
Mean (ppm) 0.022 0.218 2.5 0.018 10.7 0.019 0.038
STDEV (n=17) 0.0022 (j.0049 0.1566 0.0016 0.36 0.0004 0.0034
Comparison
Mean w/n Range Pass Pass Pass Pass Pass Pass Pass
Lower Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
Upper Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
Reported 
Standard for 
USGS T-143
Element Na Ni Pb Si Sr V Zn
No. of Msrmnts. 88 81 84 56 45 54 75
MPV (ppm) 34 0.071 0.0834 10.94 0.306 0.03 0.02
Range (2x f- 
pseudosigma) 3.2 0.01 0.0142 1.64 0.03 0.006 0.0044
Measured 
USGS T-143
Mean (ppm) 34 0.073 0.09 9.91 0.305 0.03 0.018
STDEV (n=17) 1.4 0.001 0.005 0.286 0.014 0.002 0.0007
Comparison
Mean w/n Range Pass Pass Pass Pass Pass Pass Pass
Lower Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
Upper Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
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Table G3: Summer ICP analysis of USGST143 reference water standard
Reported 
Standard for 
USGS T-143
Element B Ba Be Ca Cd Co Cr
No. of Msrmnts. 35 68 61 86 81 53 79
MPV (ppm) 0.035 0.0819 0.0085 53.7 0.0191 0.017 0.037
Range (2x f- 
pseudosigma) 0.0104 0.009 0.00132 4.4 0.003 0.0024 0.0052
M easured 
USGS T-143
Mean (ppm) 0.033 0.080 0.008 54.8 0.018 0.02 0.033
STDEV (n=17) 0.0014 0.0017 0.00018 1.6 0.0005 0.0011 0.0027
Comparison
Mean w/n Range Pass Pass Pass Pass Pass Pass Pass
Lower Limit w/n 
Range Pass Pass Pass Pass Pass Pass Fail
Upper Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
Reported 
Standard for 
USGS T-143
Element Cu Fe K Li Mg Mn Mo
No. of Msrmnts. 90 93 84 34 88 86 54
MPV (ppm) 0.0223 0.222 2.5 0.018 10.4 0.0182 0.0361
Range (2x f- 
pseudosigma) 0.0038 0.028 0.42 0.0042 1 0.0038 0.0086
M easured 
USGS T-143
Mean (ppm) 0.022 0.227 2.5 0.019 10.6 0.019 0.037
STDEV (n=17) 0.0015 0.0046 0.0942 0.0009 0.38 1 0.0005 0.0014
Comparison
Mean w/n Range Pass Pass Pass Pass Pass Pass Pass
Lower Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
Upper Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
Reported 
Standard for 
USGS T-143
Element Na Ni Pb Si Sr V Zn
No. of Msrmnts. 88 81 84 56 45 54 75
MPV (ppm) 34 0.071 0.0834 10.94 0.306 0.03 0.02
Range (2x f- 
pseudosigma) 3.2 0.01 0.0142 1.64 0.03 0.006 0.0044
M easured 
USGS T-143
Mean (ppm) 34 0.072 0.09 10.57 0.302 0.03 0.018
STDEV (n=17) 1.1 0.002 0.008 0.428 0.012 0.001 0.0007
Comparison
Mean w/n Range Pass Pass Pass Pass Pass Pass Pass
Lower Limit w/n 
Range Pass Pass Pass Pass Pass Pass Pass
Upper Limit w/n 
Range Pass Pass Fail Pass Pass Pass Pass
Table G4: ICAPES duplicate analysis results
Sample Name Analysis Date B Ba Ca Co Fe2327 Fe2399 Fe2382 K Li
PA-NS 10/30/98 0.1604 0.0273 121.2 Below NA NA 0.0033 24.76 0.0272
PA NS Dup 10/30/98 0.1572 0.0267 120.8 Detection NA NA 0.0029 24.42 0.0272
|% relavtive difference of duplicates 2.02% 2.22% 0.33% 12.90% 1.38% 0.00%
PAW-6 11/6/98 0.176 0.0178 466.7 0.0142 NA NA 0.1498 22.66 0.0796
PAW-6 Dup 11/6/98 0.1804 0.0174 460.45 0.0139 NA NA 0.1522 22.35 0.0811
|% relavtive difference of duplicates 2.47% 2.27% 1.35% 2.14% 1.59% 1.38% 1.87%
RO-1 old 11/4/98 0.0512 0.0511 38.63 Below NA NA 2 12.1 Below
RO-1 old Dup 11/4/98 0.0507 0.0525 39.37 Detection NA NA 2.053 11.83 Detection
% relavtive difference of duplicates 0.98% 2.70% 1.90% 2.62% 2.26%
Mean PRD for 10/30. 11/6 and 11/4/98 1.82% 2.40% 1.19% 5.70% 1.67%
liillijfaiK
RO-1 1/25/99 0.0128 0.0135 12.43 Below 0.0916 0.0888 NA 2.05 Below
RO-1 Dup 1/25/99 0.0122 0.0132 11.96 Detection 0.0899 0.0864 NA 1.929 Detection
% relavtive difference of duplicates 4.80% 2.25% 3.85% 1.87% 2.74% 6.08%
PA-SD 1/10 1/25/99 0.0165 0.0034 13.65 Below Below Below NA 2.528 Below
PA-SD 1/10 Dup 1/25/99 0.0169 0.003 13.78 Detection Detection Detection NA 2.23 Detection
|% relavtive difference of duplicates 2.40% 12.50% 0.95%
PA-SS 1/10 1/25/99 0.0164 0.0028 12.93 Below Below Below NA 2.266 Below
PA-SS 1/10 Dup 1/25/99 0.0161 0.003 12.78 Detection Detection Detection NA 2.173 Detection
|% relavtive difference of duplicates 1.85% 6.90% 1.17% 4.19%
PAW-4 1/10 1/26/99 0.0185 0.0018 27.2 Below Below Below NA 1.444 0.0061
PAW-4 1/10 Dup 1/26/99 0.0191 0.0018 27.95 Detection Detection Detection NA 1.372 0.0063
% relavtive difference of duplicates 3.19% 0.00% 2.72% 5.11% 3.23%
Mean PRD for 1/25 and 1/26/99 3.06% 5.41% 2.17% ,, 5.13% 3.23%
rififfiiii afeitet
BS-70 1/10 5/28/99 0.041 0.003 25.09 Below Below Below NA 0.6852 Below
BS-70 1/10 Dup 5/28/99 0.0421 0.0032 25.38 Detection Detection Detection NA 0.6225 Detection
|% relavtive difference of duplicates | 2.65% 6.45% 1.15% 9.59%
Table G4: ICAPES duplicate analysis results
Sample Name Analysis Date B Ba Ca Co Fe2327 Fe2399 Fe2382 K Li
MSU-4 1/10 5/28/99 0.0389 Below 36.01 Below Below Below NA 1.085 0.0059
MSU-4 1/10 Dup 5/28/99 0.0402 Detection 37.09 Detection Detection Detection NA 1.153 0.0064
|% relavtive difference of duplicates 3.29% 2.95% 6.08% 8.13%
PANS 1/10 5/27/99 0.0084 0.0031 7.756 Below Below Below NA 1.531 Below
PA-NS 1/10 Dup 5/27/99 0.0082 0.0028 7.714 Detection Detection Detection NA 1.408 Detection
|% relavtive difference of duplicates 2.41% 10.17% 0.54% 8.37%
PAW-4 1/10 5/27/99 0.0168 0.0018 27.38 Below Below Below NA 1.146 0.0047
PAW-4 1/10 Dup 5/27/99 0.0163 0.002 27.49 Detection Detection Detection NA 1.173 0.0047
% relavtive difference of duplicates 3.02% 10.53% 0.40% 2.33% 0.00%
PAW-7 1/10 5/27/99 0.031 Below 57.57 Below Below Below NA 2.676 0.0167
PAW-7 1/10 Dup 5/28/99 0.0292 Detection 55.99 Detection Detection Detection NA 2.788 0.018
% relavtive difference of duplicates 5.98% 2.78% 4.10% 7.49%
Mean PRD for 5/27 and 5/28/99 3.47% 1.57% 6.09% 5.21%
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PA-NS 1/10 9/9/99 0.0148 Below 10.7 Below Below Below 2.26 Below
PA NS DUP 1/10 9/9/99 0.0149 Detection 10.53 Detection Detection Detection 2.09 Detection
|% relavtive difference of duplicates 0.67% 1.60% 7.82%
BS-70 1/10 9/16/99 0.0344 Below 23.08 Below Below Below 0.7401 0.0057
BS-70 DUP 1/10 9/16/99 0.0342 Detection 22.91 Detection Detection Detection 0.7831 0.0058
|% relavtive difference of duplicates | 0.58% 0.74% 5.65% 1.74%
PAW-4 1/10 9/16/99 Below Below 25.38 Below Below Below 1.332 0.0069
PAW-4 DUP 1/10 9/16/99 Detection Detection 26 Detection Detection Detection 1.355 0.0071
% relavtive difference of duplicates 2.41% 1.71% 2.86%
Mean PRD for 9/09 and 9/16/99 0.63% 1.58% 5.06% 2.30%
Mean PRD for all ICAPES DUPS 2.59% 5.60% 1.66% 2.14% 1.87% 2.74% 5.70% 4.72% 3.16%
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Table G4: ICAPES duplicate analysis results
Sample Name Analysis Date Mg Mn Na Ni S Si Sr Zn
PA-NS 10/30/98 296.6 0.0061 104.3 Below 500 0.3161 0.9215 Below
PA-NS Dup 10/30/98 289.9 0.0061 97.09 Detection 493.4 0.3087 0.8928 Detection
% relavtive difference of duplicates 2.28% 0.00% 7.16% 1.33% 2.37% 3.16%
PAW-6 11/6/98 511.8 4.369 90.8 0.0261 1043 3.8 5.826 0.006
PAW-6 Dup 11/6/98 484.85 4.437 93.53 0.0262 1033 3.827 5.813 0.006
% relavtive difference of duplicates 5.41% 1.54% 2.96% 0.38% 0.96% 0.71% 0.22% 0.00%
RO-1 old 11/4/98 9.906 0.7733 1.348 Below 13.46 4.268 0.1848 0.0184
RO-1 old Dup 11/4/98 9.863 0.7885 1.385 Detection 13.51 4.283 0.1829 0.0191
% relavtive difference of duplicates 0.44% 1.95% 2.71% 0.37% 0.35% 1.03% 3.73%
Mean PRD for 10/30, 11/6 cnd 11/4/98 2.71% 1.16%
m m sM sm
4.28% 0.89% 1.14% 1.47% 1.87%
RO-1 1/25/99 2.455 0.0097 1.093 Below 3.296 0.7495 0.0527 Below
RO-1 Dup 1/25/99 2.356 0.0093 1.114 Detection 3.188 0.7244 0.0506 Detection
% relavtive difference of duplicates 4.12% 4.21% 1.90% 3.33% 3.41% 4.07%
PA-SD 1/10 1/25/99 32.55 0.0142 10.01 Below 53.83 0.005 0.1167 Below
PA-SD 1/10 Dup 1/25/99 32.7 0.014 10.01 Detection 53.15 0.0048 0.1111 Detection
% relavtive difference of duplicates 0.46% 1.42% 0.00% 1.27% 4.08% 4.92%
PA-SS 1/10 1/25/99 31.86 Below 9.889 Below 52.74 Below 0.1038 Below
PA-SS 1/10 Dup 1/25/99 31.16 Detection 9.664 Detection 51.86 Detection 0.101 Detection
% relavtive difference of duplicates 2.22% 2.30% 1.68% 2.73%
PAW-4 1/10 1/26/99 26.76 0.1424 7.375 Below 54.5 0.3775 0.5879 Below
PAW-4 1/10 Dup 1/26/99 28.31 0.1478 7.572 Detection 56.33 0.3951 0.623 Detection
% relavtive difference of duplicates 5.63% 3.72% 2.64% 3.30% 4.56% 5.80%
M ean PRD fo r  1/25 and i 126199 3.11% 3.12% 1.71% 2.40% 4.01% 4.38%
BS-70 1/10 5/28/99 26.62 0.0195 8.434 Below 34.86 0.7467 1.413 Below
BS-70 1/10 Dup 5/28/99 27.54 0.02 8.8 Detection 36.07 0.7644 1.462 Detection
% relavtive difference of duplicates 3.40% 2.53% 4.25% 3.41% 2.34% 3.41%
Table G4: ICAPES duplicate analysis results
Sample Name Analysis Date Mg Mn Na Ni S Si Sr Zn
MSU-4 1/10 5/28/99 38.96 0.0413 26.33 Below 79.81 0.7084 1.458 Below
MSU-4 1/10 Dup 5/28/99 40.63 0.0427 28.29 Detection 81.99 0.7289 1.51 Detection
% relavtive difference of duplicates 4.20% 3.33% 7.18% 2.69% 2.85% 3.50%
PA-NS 1/10 5/27/99 16.53 0.0043 5.286 Below 26.2 0.0432 0.0675 Below
PA-NS 1/10 Dup 5/27/99 16.17 0.0043 5.162 Detection 25.65 0.0414 0.0662 Detection
% relavtive difference of duplicates 2.20% 0.00% 2.37% 2.12% 4.26% 1.94%
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PAW-4 1/10 5/27/99 27.1 0.1391 7.437 Below 52.67 0.3521 0.5496 Below
PAW-4 1/10 Dup 5/27/99 26.83 0.1362 7.346 Detection 51.85 0.351 0.5524 Detection
% relavtive difference of duplicates 1.00% 2.11% 1.23% 1.57% 0.31% 0.51%
PAW-7 1/10 5/27/99 72.55 0.5558 12.08 Below 121.7 0.5214 1.327 At
PAW-7 1/10 Dup 5/28/99 70.2 0.5038 12.22 Detection 120.6 0.5109 1.334 Detection
% relavtive difference of duplicates 3.29% 9.82% 1.15% 0.91% 2.03% 0.53%
Mean PRD for 5127 and j 128199 2.82% 3.56% 3.24% 2.14% 2.36% 1.98%
PA-NS 1/10 9/9/99 29.39 Below 9.168 Below 46.45 0.0191 0.086 Below
PA-NS DUP 1/10 9/9/99 29.27 Detection 9.008 Detection 46.55 0.0193 0.0869 Detection
% relavtive difference of duplicates 0.41% 1.76% 0.22% 1.04% 1.04%
BS-70 1/10 9/16/99 22.94 0.0173 7.018 Below 30.24 0.7511 1.233 Below
BS-70 DUP 1/10 9/16/99 22.62 0.0171 6.998 Detection 30.11 0.7518 1.231 Detection
% relavtive difference of duplicates 1.40% 1.16% 0.29% 0.43% 0.09% 0.16%
PAW-4 1/10 9/16/99 25.21 0.1274 7.158 Below 46.79 0.3938 0.551 Below
PAW-4 DUP 1/10 9/16/99 25.24 0.1265 7.178 Detection 46.82 0.3876 0.5483 Detection
% relavtive difference of duplicates 0.12% 0.71% 0.28% 0.06% 1.59% 0.49%
Mean PRD for 9109 and 9116199 0.64% 0.94% 0.77% 0.24% 0.91% 0.56%
Mean PRD for all ICAPES DUPS 2.44% 2.50% 2.55% 0.38% 1.58% 2.14% 2.23% 1.87%
1 Mean PRD for all elements analyzed = 2.70%
Table G5: ICAPES spi re analysis results
Sample Name Analysis Date A1 As B Ba Be Ca Cd Co
Units ppm ppm ppm ppm ppm ppm ppm ppm
Re-spiked sample name
PA-ND 11/6/98 0 0 0.161 0.027 0 12.53 0 0
PA-ND Spike 11/6/98 0.085 0.134 0.277 0.151 0.024 32.49 0.049 0.05
Spike added 0.125 0.125 0.125 0.125 0.025 20 0.05 0.05
% recovery of spike 68.00% 107.20% 99.88% 100.39% 96.00% 99.80% 98.00% 100.00%
Re-spiked sample name
RO-1 11/6/98 0.253 0 0.048 0.2 0 42.7 0 0
RO-1 Spike 11/6/98 0.393 0.125 0.186 0.326 0.02583 63.44 0.051 0.057
Spike added 0.125 0.125 0.125 0.125 0.025 20 0.05 0.05
% recovery of spike 112.00% 100.00% 110.40% 100.80% 103.32% 103.70% 102.00% 114.00%
Re-spiked sample name
BS-30 11/6/98 0 0 0.365 0.005 0 47.18 0 0
BS-30 Spike 11/6/98 0.09 0.141 0.482 0.137 0.0229 97.79 0.047 0.05
Spike added 0.125 0.125 0.125 0.125 0.025 50 0.05 0.05
% recovery of spike 72.00% 112.80% 93.60% 105.60% 91.60% 101.22% 94.00% 100.00%
Mean % recovery for 11/6/98 84.00% 106.67% 101.29% 102.26% 96.97% 101.57% 98.00% 104.67%
’•nrfiti Y~r ri P f lN  ■ * *
093%RO-2 5/25/99 0 0 0.0178 0.0149 0 50.82 0
93%RO-2 Spike 5/25/99 0.5263 0.4846 0.4825 0.5021 0.09278 70.31 0.1954 0.1832
Spike added 0.5 0.5 0.5 0.5 0.1 20 0.2 0.2
% recovery of spike 105.26% 96.92% 92.94% 97.44% 92.78% 97.45% 97.70% 91.60%
96%PA-SD 1/10 5/26/99 0 0 0.0158 __ 0.0033 0 13.1 0 0
96%PA-SD 1/10 Spike 5/26/99 0.5246 0.5216 0.5168 0.5267 0.0997 33.26 0.2071 0.1948
Spike added 0.5 0.5 0.5 0.5 0.1 20 0.2 0.2
% recovery of spike 104.92% 104.32% 100.20% 104.68% 99.70% 100.80% 103.55% 97.40%
* indicates samples w ere re-ran and the spike and data for the element has been replaced with new spike values (different samples may have been spiked) and data.
Table G5: ICAPES spi re analysis results
Sample Name Analysis Date A1 As B Ba Be Ca Cd Co
Units ppm ppm ppm ppm ppm ppm ppm ppm
96%PAW-4 1/10 5/26/99 0.0388 0 0.0177 0.0017 0 26.11 0 0
96%PAW-4 1/10 Spike 5/26/99 0.5721 0.5463 0.5333 0.5383 0.10324 47.71 0.2091 0.2009
Spike added 0.5 0.5 0.5 0.5 0.1 20 0.2 0.2
% recovery of spike 106.66% 109.26% 103.12% 107.32% 103.24% 108.00% 104.55% 100.45%
Mean % recovery for 5126/99 105.61% 103.50% 98.75% 103.15% 98.57% 102.08% 101.93% 96.48%
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096% PA-SD 1/10 5/27/99 0 0 0.0038 0 13.44 0.0001
96% PA-SD Spike 5/27/99 0.5347 0.5234 0.5274 0.5282 0.10067 33.9 0.2032 0.1963
Spike added 0.5 0.5 0.5 0.5 0.1 20 0.2 0.2
% recovery of spike 106.94% 104.68% 102.56% 104.88% 100.67% 102.30% 101.55% 98.15%
96% PAW-4 1/10 5/27/99 0 0 0.0161 0.0018 0 26.28 0 0
96% PAW-4 Spike 5/27/99 0.5369 0.5294 0.5252 0.5134 0.09814 47.45 0.2133 0.1966
Spike added 0.5 0.5 0.5 0.5 0.1 20 0.2 0.2
% recovery of spike 107.38% 105.88% 101.82% 102.32% 98.14% 105.85% 106.65% 98.30%
Mean % recovery for 5/2 >7 99 107.16% 105.28% 102.19% 103.60% 99.41% 104.08% 104.10% 98.23%
u m m
PA-NS DUP 1/10 9/9/99 0 0 0.0149 0.0023 0 10.53 0 0
96%PA-NS Spike 9/9/99 0.4951 0.5278 0.5137 0.5553 0.10398 31.91 0.214 0.2037
Spike added 0.5 0.5 0.5 0.5 0.1 20 0.2 0.2
% recovery of spike 99.02% 105.56% 99.76% 110.60% 103.98% 106.90% 107.00% 101.85%
96%BS-70 DUP 1/10 9/16/99 0 0 0.0329 0.0023 0 22 0 0
96%BS-70 Spike 9/16/99 0.5104 0.5017 0.4956 0.5052 0.09486 42.28 0.198 0.1884
Spike added 0.5 0.5 0.5 0.5 0.1 20 0.2 0.2
% recovery of spike 102.08% 100.34% 92.54% 100.58% 94.86% 101.40% 99.00% 94.20%
Mean % recovery for 9/9 and 9116199 100.55% 102.95% 96.15% 105.59% 99.42% 104.15% 103.00% 98.03%
Mean % recovery for all ICAPES analysis 9933% 104.60% 99.60% 103.65% 98.59% 102.97% 101.76% 9935%
* indicates samples w ere re-ran and the spike and data for the element has been replaced with new spike values (different samples may have been spiked) and data. C-ft
Table G5: ICAPES spike analysis results
Sample Name Analysis Date Cr Cu Fe2382(27) Fe2399 Hg K Li Mg
Units ppm ppm ppm ppm ppm ppm ppm
Re-spiked sample name
PA-ND 11/6/98 0 0 0.012 0 2.5 0.028 27.69
PA-ND Spike 11/6/98 0.134 0.128 0.131 0.024 7.3 0.153 73.39
Spike added 0.125 0.125 0.125 0.025 5 0.125 50
% recovery of spike 107.20% 102.40% 95.73% 96.00% 98.75% 101.23% 91.40%
Re-spiked sample name
RO-1 11/6/98 0.008 0 0.202 0 9.8 0 11.73
RO-1 Spike 11/6/98 0.126 0.166 0.327 0.024 16 0.152 17.28
Spike added 0.125 0.125 0.125 0.025 5 0.125 5
% recovery of spike 94.40% 132.80% 100.00% 96.00% 124.00% 121.60% 111.00%
Re-spiked sample name
BS-30 11/6/98 0.006 0.002 0.007 0 1 0.045 45.44
BS-30 Spike 11/6/98 0.132 0.135 0.135 0.02 6.4 0.154 90.88
Spike added 0.125 0.125 0.125 0.025 5 0.125 50
% recovery of spike 100.80% 106.40% 102.40% 80.00% 108.00% 87.20% 90.88%
Mean % recovery for 1116198 100.80% 113.87% 99.38% 90.67% 110.25% 103.34% 97.76%
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093%RO-2 5/25/99 0 0 0 0 5.164 0 26.93
93%RO-2 Spike 5/25/99 0.4972 0.4939 0.5376 0.5061 0.0962 10.01 0.5596 54.66
Spike added 0.5 0.5 0.5 0.5 0.1 5 0.6 25
% recovery of spike 99.44% 98.78% 107.52% 101.22% 96.20% 96.92% 93.27% 110.38%
96%PA-SD 1/10 5/26/99 0 0 0.0075 0 0 2.427 0.0035 31.25
96%PA-SD 1/10 Spike 5/26/99 0.5119 0.52 0.5542 0.5299 0.1038 6.836 0.6665 51.51
Spike added 0.5 0.5 0.5 0.5 0.1 4 0.6 20
% recovery of spike 102.38% 104.00% 109.34% 105.98% 103.80% 110.23% 110.50% 101.30%
* ind icates sa m p le s  w ere re-ran and the spike and data for the element has been replaced with new spike values (different samples may have been spiked) and data.
Table G5: ICAPES spike analysis results
Sample Name Analysis Date Cr Cu Fe2382(27) Fe2399 Hg K Li Mg
Units ppm ppm ppm ppm ppm ppm ppm
96%PAW-4 1/10 5/26/99 0 0 0 0 0 1.386 0.0059 25.69
96%PAW-4 1/10 Spike 5/26/99 0.5316 0.5369 0.5756 0.5647 0.1081 5.555 0.6272 46.2
Spike added 0.5 0.5 0.5 0.5 0.1 4 0.6 20
% recovery of spike 106.32% 107.38% 115.12% 112.94% 108.10% 104.23% 103.55% 102.55%
Mean % recovery for 5126199 102.71% 103.39% 110.66% 106.71% 102.70% 103.79% 102.44% 104.74%
96% PA-SD 1/10 5/27/99 0 0 0.0043 0 0 2.528 0 32.37
96% PA-SD Spike 5/27/99 0.5225 0.5344 0.5414 0.5334 0.1003 6.883 0.6556 51.93
Spike added 0.5 0.5 0.5 0.5 0.1 4 0.6 20
% recovery of spike 104.50% 106.88% 107.42% 106.68% 100.30% 108.88% 109.27% 97.80%
96% PAW-4 1/10 5/27/99 0 0.0003 0.0141 0 0 1.1 0 26.02
96% PAW-4 Spike 5/27/99 0.5336 0.5281 0.5617 0.5378 0.1039 5.056 0.5911 46.54
Spike added 0.5 0.5 0.5 0.5 0.1 4 0.6 20
% recovery of spike 106.72% 105.56% 109.52% 107.56% 103.90% 98.90% 98.52% 102.60%
\Mean % recovery for 5127199 105.61% 106.22% 108.47% 107.12% 102.10% 103.89% 103.89% 100.20%
Su mmerSamnlintt ̂ ..
PA-NS DUP 1/10 9/9/99 0 0 0 0 0 2.09 0.0028 29.27
96%PA-NS Spike 9/9/99 0.5246 0.4879 0.567 0.5612 0.1075 5.75 0.5737 48.39
Spike added 0.5 0.5 0.5 0.5 0.1 4 0.6 20
% recovery of spike 104.92% 97.58% 113.40% 112.24% 107.50% 91.50% 95.15% 95.60%
96%BS-70 DUP 1/10 9/16/99 0 0 0 0 0 0.7517 0.0056 21.71
96% BS-70 Spike 9/16/99 0.5016 0.5153 0.5423 0.5075 0.0976 4.689 0.6149 41.58
Spike added 0.5 0.5 0.5 0.5 0.1 4 0.6 20
% recovery of spike 100.32% 103.06% 108.46% 101.50% 97.60% 98.43% 101.55% 99.35%
Mean % recovery for 919 and 9/16/99 102.62% 100.32% 110.93% 106.87% 102.55% 94.97% 98.35% 97.48%
Mean % recovery for all ICAPES analysis 102.94% 105.95% 107.36% 106.90% 99.50% 103.22% 102.01% 100.04%
* indicates samples w ere re-ran and the spike and data for the element has been replaced with new spike values (different samples may have been spiked) and data. -4
Table G5: ICAPES spike analysis results
Sample Name Analysis Date Mn Mo Na Ni P Pb S Sb
Units ppm ppm ppm ppm ppm ppm ppm ppm
Re-spiked sample name
PA-ND 11/6/98 0.027 0 9.1 0 0 0 47.36 0
PA-ND Spike 11/6/98 0.141 0.049 29.7 0.124 0.25 0.124 156.3 0.118
Spike added 0.125 0.05 20 0.125 0.25 0.125 100 0.125
% recovery of spike 92.39% 98.00% 103.00% 99.20% 100.00% 99.20% 108.94% 94.40%
Re-spiked sample name
RO-1 11/6/98 0.033 0 1.4 0 0.029 0 43.66 0
RO-1 Spike 11/6/98 0.156 0.047 13.5 0.1298 0.306 0.123 50.62 0.133
Spike added 0.125 0.05 11 0.125 0.25 0.125 5 0.125
% recovery of spike 98.40% 94.00% 110.00% 103.84% 110.80% 98.40% 139.20% 106.40%
Re-spiked sample name * BS-70
BS-30 11/6/98 0.323 0 15 0 0 0 89.97 0
BS-30 Spike 11/6/98 0.441 0.05 37.7 0.126 0.5 0.12 199.2 0.119
Spike added 0.125 0.05 20 0.125 0.5 0.125 100 0.125
% recovery of spike 94.40% 100.00% 113.50% 100.80% 100.00% 96.00% 109.23% 95.20%
Mean % recovery for 11/6/98
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95.06% 97.33% 108.83% 101.28% 103.60% 97.87% 119.12% 98.67%
93%RO-2 5/25/99 0.0035 0 2.353 0 0 0 66.25 0
93%RO-2 Spike 5/25/99 0.5185 0.1935 12.15 0.4819 0.974 0.4945 122.8 0.4884
Spike added 0.5 0.2 10 0.5 1 0.5 50 0.5
% recovery of spike 103.00% 96.75% 97.97% 96.38% 97.40% 98.90% 112.44% 97.68%
96%PA-SD 1/10 5/26/99 0.0137 0 9.61 0 0 0 51.68 0
96%PA-SD 1/10 Spike 5/26/99 0.5896 0.2063 17.61 0.5135 1.063 0.5233 94.96 0.5153
Spike added 0.5 0.2 8 0.5 1 0.5 40 0.5
% recovery of spike 115.18% 103.15% 100.00% 102.70% 106.30% 104.66% 108.20% 103.06%
* indicates samples w ere re-ran and the spike and data for the element has been replaced with new spike values (different samples may have been spiked) and data. 00
Sample Name Analysis Date Mn Mo Na Ni P Pb S Sb
Units ppm ppm ppm ppm ppm ppm ppm ppm
96%PAW-4 1/10 5/26/99 0.1367 0 7.08 0 0 0 52.32 0
96%PAW-4 1/10 Spike 5/26/99 0.7291 0.2076 14.43 0.5294 1.119 0.5206 99.13 0.5449
Spike added 0.5 0.2 8 0.5 1 0.5 40 0.5
% recovery of spike 118.48% 103.80% 91.88% 105.88% 111.90% 104.12% 117.03% 108.98%
\Mean % recovery for 5126199 112.22% 101.23% 96.62% 101.65% 105.20% 102.56% 112.55% 103.24%
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49.8396% PA-SD 1/10 5/27/99 0.0115 0 10.61 0 0 0
96% PA-SD Spike 5/27/99 0.5855 0.2087 19.09 0.5141 1.068 0.5238 90.68 0.5341
Spike added 0.5 0.2 8 0.5 1 0.5 40 0.5
% recovery of spike 114.80% 104.35% 106.00% 102.82% 106.80% 104.76% 102.13% 106.82%
96% PAW-4 1/10 5/27/99 0.1335 0 7.139 0 0 0 50.56 0
96% PAW-4 Spike 5/27/99 0.7195 0.2053 14.85 0.5228 1.06 0.5178 94.77 0.5094
Spike added 0.5 0.2 8 0.5 1 0.5 40 0.5
% recovery of spike 117.20% 102.65% 96.39% 104.56% 106.00% 103.56% 110.53% 101.88%
Mean % recovery for 512't799____________ 116.00% 103.50% 10119% 103.69% 106.40% 104.16% 106.33% 104.35%
g§§g m sm tm L
PA-NS DUP 1/10 9/9/99 0 0 9.008 0 0 0 46.55 0
96%PA-NS Spike 9/9/99 0.6035 0.2137 16.19 0.5326 1.082 0.538 88.22 0.5267
Spike added 0.5 0.2 8 0.5 1 0.5 40 0.5
% recovery of spike 120.70% 106.85% 89.78% 106.52% 108.20% 107.60% 104.18% 105.34%
96% BS-70 DUP 1/10 9/16/99 0.0164 0 6.718 0 0 0 28.91 0
96%BS-70 Spike 9/16/99 0.5427 0.2016 14.94 0.4989 1.008 0.5085 73.13 0.5111
Spike added 0.5 0.2 8 0.5 1 0.5 40 0.5
% recovery of spike 105.26% 100.80% 102.78% 99.78% 100.80% 101.70% 110.55% 102.22%
Wean % recovery for 9/9 and 9116199 112.98% 103.83% 96.28% 103.15% 104.50% 104.65% 107.36% 103.78%
jMean % recovery for all ICAPES analysis 109.07% 101.47% 100.73% 102.44% 104.93% 102.31% 111.34% 102.51%
* ind icates sa m p le s  w ere  re-ran and the spike and data for the element has been replaced with new spike values (different samples may have been spiked) and data.
Table G5: ICAPES spike analysis results
Sample Name Analysis Date Se Si Sn Sr Ti Tl V Zn
Units ppm ppm Ppm ppm ppm ppm ppm ppm
Re-spiked sample name *PA-CES
PA-ND 11/6/98 0 0.31 0 1.025 0 0 0 0
PA-ND Spike 11/6/98 0.12 5.37 0.05 1.233 0.027 0.1 0.05 0.127
Spike added 0.125 5 0.05 0.25 0.025 0.125 0.05 0.125
% recovery of spike 96.00% 101.54% 100.00% 83.20% 108.00% 80.00% 100.00% 101.60%
Re-spiked sample name
RO-1 11/6/98 0 2.7 0 0.239 0.024 0 0 0.051
RO-1 Spike 11/6/98 0.16 8.28 0.05 0.379 0.049 0.1 0.055 0.179
Spike added 0.125 5 0.05 0.125 0.025 0.125 0.05 0.125
% recovery of spike 128.00% 111.60% 100.00% 112.00% 100.00% 80.00% 110.00% 104.64%
Re-spiked sample name * BS-70
BS-30 11/6/98 0 6.798 0.013 Not Spiked 0.004 0 0 0.005
BS-30 Spike 11/6/98 0.114 17.4 0.0582 0.03 0.13 0.05 0.126
Spike added 0.125 10.12 0.05 0.025 0.125 0.05 0.125
% recovery of spike 91.20% 104.76% 90.40% 104.00% 104.00% 100.00% 97.02%
Mean % recovery for 11/6m 105.07% 105.97% 96.80% 97.60% 104.00% 88.00% 103.33% 101.09%
93%RO-2 5/25/99 0 1.266 0 0.4374 0 0 0 0
93%RO-2 Spike 5/25/99 0.4338 5.698 0.194 0.9175 0.1007 0.4533 0.1964 0.4695
Spike added 0.5 5 0.2 0.5 0.1 0.5 0.2 0.5
% recovery of spike 86.76% 88.64% 97.00% 96.02% 100.70% 90.66% 98.20% 93.90%
96%PA-SD 1/10 5/26/99 0 0 0 0.112 0 0 0 0
96%PA-SD 1/10 Spike 5/26/99 0.5207 1.963 0.21 0.8521 0.105 0.5026 0.2025 0.4999
Spike added 0.5 2 0.2 0.825 0.1 0.5 0.2 0.5
% recovery of spike 104.14% 98.15% 105.00%— 89.71% 105.00% 100.52% 101.25% 99.98%
* indicates samples were re-ran and the spike and data for the element has been replaced with new spike values (different samples may have been spiked) and data. ®
Table G5: ICAPESspi te analysis results
Sample Name Analysis Date Se Si Sn Sr Ti Tl V Zn
Units ppm ppm ppm ppm ppm ppm ppm ppm
96%PAW-4 1/10 5/26/99 0 0.3624 0 0.5644 0 0 0 0
96%PAW-4 1/10 Spike 5/26/99 0.5347 2.386 0.2112 1.314 0.1051 0.5077 0.2134 0.5089
Spike added 0.5 2 0.2 0.825 0.1 0.5 0.2 0.5
% recovery of spike 106.94% 101.18% 105.60% 90.86% 105.10% 101.54% 106.70% 101.78%
Mean % recovery for 5/26/99 99.28% 95.99% 102.53% 92.20% 103.60% 97.57% 102.05% 98.55%
96% PA-SD 1/10 5/27/99 0 0 0 0.1149 0 0 0 0
96% PA-SD Spike 5/27/99 0.5315 1.997 0.2051 0.8692 0.1043 0.4929 0.2037 0.5034
Spike added 0.5 2 0.2 0.825 0.1 0.5 0.2 0.5
% recovery of spike 106.30% 99.85% 102.55% 91.43% 104.30% 98.58% 101.85% 100.68%
96% PAW-4 1/10 5/27/99 0 0.3381 0 0.5276 0 0 0 0
96% PAW-4 Spike 5/27/99 0.5051 2.276 0.2071 1.261 0.1065 0.4882 0.2089 0.5056
Spike added 0.5 2 0.2 0.825 0.1 0.5 0.2 0.5
% recovery of spike 101.02% 96.90% 103.55% 88.90% 106.50% 97.64% 104.45% 101.12%
Mean % recovery for 5/2'/7 99 103.66% 98.37% 103.05% 90.16% 105.40% 98.11% 103.15% 100.90%
PA-NS DUP 1/10 9/9/99 0 0.0193 0 0.0869 0 0 0 0
96%PA-NS Spike 9/9/99 0.5189 2.036 0.21 0.8178 0.1063 0.5078 0.2085 0.521
Spike added 0.5 2 0.2 0.825 0.1 0.5 0.2 0.5
% recovery of spike 103.78% 100.84% 105.00% 88.59% 106.30% 101.56% 104.25% 104.20%
96%BS-70 DUP 1/10 9/16/99 0 0.7217 0 1.182 0 0 0 0
96%BS-70 Spike 9/16/99 0.4241 2.763 0.1996 1.916 0.1009 0.4941 0.2045 0.4738
Spike added 0.5 2 0.2 0.825 0.1 0.5 0.2 0.5
% recovery of spike 84.82% 102.07% 99.80% 88.97% 100.90% 98.82% 102.25% 94.76%
Mean % recovery for 9/9 and 9/16/99 94.30% 101.45% 102.40% 88.78% 103.60% 100.19% 103.25% 99.48%
Mean % recovery for all ICAPES analysis 100.58% 100.45% 101.20%^ 92.19% 104.15% 95.97% 102.95% 100.01%
* indicates samples w ere re-ran and the spike and data for the element has been replaced with new spike values (different samples may have been spiked) and data.
Table G6: All ICAPES analytical results
Sample Name Sample Date Ag A1 As B Ba Be Cd Co Cr Cu Fe2382(271
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
PA-NS 10/11/98 <0.009 < 0.035 < 0.065 0.160 0.027 <0.001 <0.005 <0.01 <0.02 <0.005 0.003
PA-ND 10/11/98 <0.009 < 0.035 < 0.065 0.161 0.027 <0.001 <0.005 <0.01 <0.02 <0.005 0.011
PACES 10/11/98 <0.009 < 0.035 < 0.065 0.158 0.026 <0.001 <0.005 <0.01 <0.02 < 0.005 0.003
PA-CED 10/11/98 <0.009 < 0.035 < 0.065 0.155 0.027 <0.001 <0.005 <0.01 < 0.02 <0.005 0.005
PA-CS 10/10/98 <0.009 < 0.035 < 0.065 0.159 0.027 <0.001 <0.005 <0.01 <0.02 <0.005 0.002
PA-CD 10/10/98 <0.009 < 0.035 < 0.065 0.160 0.027 <0.001 <0.005 <0.01 <0.02 <0.005 0.016
PA-CWS 10/10/98 <0.009 < 0.035 < 0.065 0.157 0.026 <0.001 <0.005 <0.01 <0.02 <0.005 0.004
PA-CWD 10/10/98 <0.009 < 0.035 < 0.065 0.158 0.027 <0.001 <0.005 <0.01 <0.02 <0.005 0.005
PASS 10/11/98 <0.009 < 0.035 < 0.065 0.158 0.026 <0.001 <0.005 <0.01 <0.02 <0.005 0.002
PA-SD 10/11/98 <0.009 < 0.035 < 0.065 0.156 0.027 <0.001 <0.005 <0.01 <0.02 <0.005 0.005
RO-1 10/10/98 <0.009 0.215 < 0.065 0.048 0.203 <0.001 <0.005 <0.01 <0.02 0.010 0.190
RO-2 10/10/98 <0.009 0.086 < 0.065 0.030 0.093 <0.001 <0.005 <0.01 <0.02 <0.005 0.102
RO-7 10/10/98 <0.009 0.147 < 0.065 0.024 0.068 <0.001 <0.005 <0.01 <0.02 <0.005 0.100
R01 old Sept/Oct <0.009 < 0.035 < 0.065 0.051 0.051 <0.001 <0.005 <0.01 <0.02 <0.005 2.000
R07 old Sept/Oct <0.009 0.089 < 0.065 0.024 0.065 <0.001 <0.005 <0.01 <0.02 <0.005 0.230
BS70 10/13/98 <0.009 < 0.035 <0.065 0.355 0.025 <0.001 <0.005 <0.01 <0.02 <0.005 0.007
MSU-4 10/12/98 <0.009 < 0.035 < 0.065 0.343 0.012 <0.001 <0.005 <0.01 <0.02 < 0.005 0.015
BS-30 10/12/98 <0.009 < 0.035 <0.065 0.360 0.005 <0.001 <0.005 <0.01 <0.02 <0.005 0.007
BS-28 10/13/98 <0.009 < 0.035 < 0.065 0.334 0.017 <0.001 <0.005 0.02 <0.02 <0.005 0.958
BS-38 10/14/98 <0.009 < 0.035 < 0.065 0.378 0.017 <0.001 <0.005 0.02 <0.02 < 0.005 0.675
PAW-1 10/10/98 <0.009 < 0.035 < 0.065 0.204 0.029 <0.001 <0.005 <0.01 < 0.02 <0.005 0.092
PAW-2 10/09/98 <0.009 < 0.035 < 0.065 0.300 0.048 <0.001 <0.005 <0.01 <0.02 <0.005 0.029
PAW-3 10/09/98 <0.009 < 0.035 < 0.065 0.180 0.019 <0.001 <0.005 <0.01 <0.02 <0.005 0.057
PAW-4 10/09/98 <0.009 < 0.035 < 0.065 0.205 0.022 <0.001 < 0.005 <0.01 < 0.02 < 0.005 0.300
PAW-5 10/08/98 <0.009 < 0.035 < 0.065 0.244 0.021 <0.001 < 0.005 <0.01 < 0.02 <0.005 1.367
PAW-6 10/08/98 <0.009 < 0.035 < 0.065 0.18 0.018 <0.001 <0.005 0.01 < 0.02 < 0.005 0.150
Field Blank-1 10/08/98 <0.009 < 0.035 < 0.065 <0.005 <0.002 <0.001 <0.005 < 0.01 < 0.02 <0.005 <0.002
Field Blank-2 10/08/98 <0.009 < 0.035 < 0.065 <0.005 <0.002 <0.001 <0.005 <0.01 <0.02 <0.005 < 0.002
Field Blank-3 10/08/98 <0.009 < 0.035 < 0.065 <0.005 <0.002 <0.001 <0.005 <0.01 <0.02 <0.005 <0.002
BS-28 1/18/99 <0.9 <0.5 <0.65 0.367 <0.02 <0.01 <0.05 <0.1 <0.2
mmmmBmmaiatmm
<0.05 1.054
BS-38 1/13/99 <0.9 <0.5 <0.65 0.396 <0.02 <0.01 <0.05 <0.1 <0.2 <0.05 0.696
PA-CD 1/15/99 <0.9 <0.5 <0.65 0.164 0.034 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
Table G6: All ICAPES analytical results
Sample Name Sample Date Ag A1 As B Ba Be Cd Co Cr Cu Fe2382(27)
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
PA-CD RE 1/21/99 <0.9 <0.5 <0.65 0.167 0.036 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PA-CS 1/15/99 <0.9 <0.5 <0.65 0.165 0.03 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PA-CS RE 1/21/99 <0.9 <0.5 <0.65 0.159 0.032 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PA-SD 1/14/99 <0.9 <0.5 <0.65 0.165 0.034 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PA-SM 1/14/99 <0.9 <0.5 <0.65 0.166 0.033 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PASS 1/14/99 <0.9 <0.5 <0.65 0.164 0.028 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PAW-1 1/21/99 <0.9 <0.5 <0.65 0.17 <0.02 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PAW-2 1/19/99 <0.9 <0.5 <0.65 0.183 <0.02 <0.01 <0.05 <0.1 < 0.2 <0.05 <0.5
PAW-3 1/19/99 <0.9 <0.5 <0.65 0.175 <0.02 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PAW-4 1/19/99 <0.9 <0.5 <0.65 0.185 <0.02 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PAW-5 1/20/99 <0.9 <0.5 <0.65 0.167 <0.02 <0.01 <0.05 <0.1 <0.2 <0.05 1.47
PAW-6 1/20/99 <0.9 <0.5 <0.65 0.114 <0.02 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PAW-7 1/20/99 <0.9 <0.5 <0.65 0.314 <0.02 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
Pond-B 1/21/99 <0.09 <0.05 < 0.065 0.0292 0.0231 <0.001 < 0.005 <0.01 <0.02 <0.005 0.0895
Rain Water 1/15/99 <0.09 <0.05 < 0.065 0.079 < 0.002 <0.001 <0.005 <0.01 <0.02 <0.005 < 0.050
RO-1 1/15/99 <0.09 0.0541 < 0.065 0.0128 0.0135 <0.001 <0.005 <0.01 <0.02 <0.005 0.0916
RO-2 1/15/99 <0.09 <0.05 < 0.065 0.0191 0.0161 <0.001 <0.005 <0.01 <0.02 <0.005 < 0.050
RO-3 1/15/99 <0.09 0.1834 < 0.065 0.0223 0.0278 <0.001 <0.005 <0.01 <0.02 <0.005 0.1622
RO-5 1/15/99 <0.09 <0.05 < 0.065 0.0271 0.0353 <0.001 <0.005 <0.01 <0.02 <0.005 < 0.050
RO-6 1/15/99 <0.09 0.2255 < 0.065 0.0117 0.0109 <0.001 <0.005 <0.01 <0.02 <0.005 0.1761
RO-7 1/15/99 <0.09 0.0783 <0.065 0.0169 0.0178 <0.001 <0.005 <0.01 <0.02 < 0.005 0.1155
Field Blank-1 1/16/99 <0.09 <0.05 < 0.065 <0.005 < 0.002 <0.001 <0.005 <0.01 <00.2 <0.005 <0.05
Field Blank-2 1/20/99 <0.09 <0.05 < 0.065 <0.005 < 0.002 <0.01 <0.005 <0.01 <00.2 <0.005 <0.05
Field Blank-3 1/22/99 <0.09 <0.05 < 0.065 <0.005 <0.002 <0.01 < 0.005 <0.01 <00.2 < 0.005 <0.05
SprinaSaimilina "it T nr f muffin I
<0.1 <0.2 <0.05 0.628BS-27 3/24/99 <0.9 <0.5 <0.65 0.307 0.023 <0.01 <0.05
BS-28 3/23/99 <0.9 <0.5 <0.65 0.381 0.019 <0.01 <0.05 <0.1 <0.2 <0.05 1.133
BS-30 3/25/99 <0.9 <0.5 <0.65 0.448 <0.02 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
BS-38 3/24/99 <0.9 <0.5 <0.65 0.43 0.023 <0.01 <0.05 <0.1 <0.2 <0.05 0.703
BS-70 3/24/99 <0.9 <0.5 <0.65 0.41 0.03 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
MiliQ-Bought 3/26/99 <0.09 <0.05 < 0.065 <0.005 <0.002 <0.001 < 0.005 <0.01 <0.02 <0.005 <0.05
MSU-4 3/26/99 <0.09 <0.5 <0.65 0.389 <0.02 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PA-CD 3/26/99 <0.9 <0.5 <0.65 0.167 0.036 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PA-CS 3/26/99 <0.9 <0.5 <0.65 0.147 0.039 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PA-ND 3/26/99 <0.9 <0.5 <0.65 0.165 0.036 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PANS 3/26/99 <0.9 <0.5 <0.65 0.084 0.031 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PA-SD 3/25/99 <0.9 <0.5 <0.65 0.152 0.04 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PA-SM 3/25/99 <0.9 <0.5 <0.65 0.146 0.036 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PASS 3/25/99 <0.9 <0.5 <0.65 0.163 0.036 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
Table G6: All ICAPES analytical results
Sample Name Sample Date Ag A1 As B Ba Be Cd Co Cr Cu Fe2382(271
ppm ppm ppm ppm PPm ppm ppm ppm ppm ppm ppm
PAW-1 3/27/99 <0.9 <0.5 <0.65 0.139 0.019 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PAW-2 3/27/99 <0.9 <0.5 <0.65 0.159 0.019 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PAW-3 3/26/99 <0.9 <0.5 <0.65 0.17 0.018 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PAW-4 3/26/99 <0.9 <0.5 <0.65 0.168 0.018 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PAW-5 3/27/99 <0.9 <0.5 <0.65 0.129 0.017 <0.01 <0.05 <0.1 <0.2 <0.05 0.934
PAW-6 3/27/99 <0.9 <0.5 <0.65 0.101 0.017 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PAW-7 3/27/99 <0.9 <0.5 <0.65 0.31 0.017 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PAW-8 3/27/99 <0.9 <0.5 <0.65 0.285 0.021 <0.01 <0.05 <0.1 <0.2 <0.05 3.675
Field Blank 1 and 2 3/26/99 <0.09 <0.05 < 0.065 <0.005 <0.002 <0.001 <0.005 <0.01 <0.02 <0.005 <0.05
<0.65
tibf* * All
PA-NS 8/1/99 <0.9 <0.5 0.148 <0.03 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PA-ND 8/1/99 <0.9 <0.5 <0.65 0.153 <0.03 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PA-CS 8/1/99 <0.9 <0.5 <0.65 0.15 <0.03 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PA-CD 8/1/99 <0.9 <0.5 <0.65 0.183 0.031 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PA-SS 8/1/99 <0.9 <0.5 <0.65 0.163 <0.03 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
PA-SD 8/1/99 <0.9 <0.5 <0.65 0.163 0.032 <0.01 <0.05 <0.1 <0.2 <0.05 <0.5
Field Blank-1 8/1/99 <0.09 <0.05 < 0.065 <0.005 0.0372 <0.001 <0.005 <0.01 <0.02 <0.005 <0.05
Field Blank-2 8/1/99 <0.09 <0.05 < 0.065 <0.005 0.0053 <0.001 <0.005 <0.01 <0.02 < 0.005 <0.05
BS-30 7/30/99 <0.9 < 1.5 <0.65 0.372 <0.03 <0.05 <0.05 <0.07 <0.45 <0.19 <0.75
BS-70 7/30/99 <0.9 < 1.5 <0.65 0.344 <0.03 <0.05 <0.05 <0.07 <0.45 <0.19 <0.75
MSU-4 7/30/99 <0.9 < 1.5 <0.65 0.347 <0.03 <0.05 <0.05 <0.07 <0.45 <0.19 <0.75
BS-27 7/29/99 <0.9 < 1.5 <0.65 0.265 <0.03 <0.05 <0.05 <0.07 <0.45 <0.19 <0.75
BS-28 7/29/99 <0.9 < 1.5 <0.65 0.314 <0.03 <0.05 <0.05 <0.07 <0.45 <0.19 1.005
BS-38 7/29/99 <0.9 < 1.5 <0.65 0.35 <0.03 <0.05 <0.05 <0.07 <0.45 <0.19 <0.75
PAW-1 7/31/99 <0.9 <1.5 <0.65 <0.2 <0.03 <0.05 <0.05 <0.07 <0.45 <0.19 <0.75
PAW-2 7/28/99 <0.9 < 1.5 <0.65 0.242 <0.03 <0.05 <0.05 <0.07 <0.45 <0.19 <0.75
PAW-3 7/28/99 <0.9 < 1.5 <0.65 <0.2 <0.03 <0.05 <0.05 <0.07 <0.45 <0.19 <0.75
PAW-4 7/28/99 <0.9 < 1.5 <0.65 <0.2 <0.03 <0.05 <0.05 <0.07 <0.45 <0.19 <0.75
PAW-5 7/31/99 <0.9 < 1.5 <0.65 0.206 <0.03 <0.05 <0.05 <0.07 < 0.45 <0.19 1.332
PAW-6 7/31/99 <0.9 < 1.5 <0.65 <0.2 <0.03 <0.05 <0.05 <0.07 <0.45 <0.19 <0.75
PAW-7 7/30/99 <0.9 < 1.5 <0.65 0.285 <0.03 <0.05 <0.05 <0.07 <0.45 <0.19 <0.75
PAW-8 7/30/99 <0.9 < 1.5 <0.65 0.271 <0.03 <0.05 <0.05 <0.07 <0.45 <0.19 3.65
Table G6; All ICAPES analytical results
Sample Name Sample Date Fe2399 Hg Li Mn Mo Ni Pb Sb Se Sn Sr
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
PA-NS 10/11/98 <0.05 0.027 0.006 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 1.055
PA-ND 10/11/98 <0.05 0.028 0.027 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 1.109
PACES 10/11/98 <0.05 0.027 0.002 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 1.025
PACED 10/11/98 <0.05 0.027 0.005 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 1.030
PA-CS 10/10/98 <0.05 0.027 0.003 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 1.038
PA-CD 10/10/98 <0.05 0.028 0.012 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 1.049
PA-CWS 10/10/98 <0.05 0.028 0.003 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 1.008
PA-CWD 10/10/98 <0.05 0.028 0.005 <0.02 <0.015 <0.06 < 0.085 <0.08 <0.07 0.996
PASS 10/11/98 <0.05 0.028 0.002 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 0.989
PA-SD 10/11/98 <0.05 0.027 0.003 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 1.003
RO-1 10/10/98 <0.05 0.006 0.034 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 0.245
RO-2 10/10/98 <0.05 <0.004 0.022 <0.02 <0.015 <0.06 < 0.085 <0.08 <0.07 0.283
RO-7 10/10/98 <0.05 <0.004 0.012 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 0.114
ROl old Sept/Oct <0.05 <0.004 0.773 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 0.185
R07 old Sept/Oct <0.05 <0.004 0.213 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 0.109
BS70 10/13/98 <0.05 0.035 0.140 < 0.02—“ < 0.015 <0.06 < 0.085 <0.08 <0.07 10.330
MSU-4 10/12/98 <0.05 0.047 0.333 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 10.900
BS-30 10/12/98 <0.05 0.044 0.305 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 17.370
BS-28 10/13/98 <0.05 0.072 0.878 <0.02 0.039 <0.06 < 0.085 <0.08 <0.07 8.913
BS-38 10/14/98 <0.05 0.101 1.537 <0.02 0.037 <0.06 < 0.085 <0.08 0.07 9.814
PAW-1 10/10/98 <0.05 0.134 4.958 <0.02 0.035 <0.06 < 0.085 <0.08 <0.07 6.486
PAW-2 10/09/98 <0.05 0.119 5.150 <0.02 0.046 <0.06 < 0.085 <0.08 <0.07 9.510
PAW-3 10/09/98 <0.05 0.050 1.553 <0.02 < 0.015 <0.06 < 0.085 < 0.08 <0.07 5.107
PAW-4 10/09/98 <0.05 0.052 1.424 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 5.411
PAW-5 10/08/98 <0.05 0.085 5.343 <0.02 0.031 <0.06 < 0.085 <0.08 <0.07 6.304
PAW-6 10/08/98 <0.05 0.080 4.369 <0.02 0.026 <0.06 < 0.085 <0.08 <0.07 5.826
Field Blank-1 10/08/98 <0.05 <0.004 <0.002 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 <0.005
Field Blank-2 10/08/98 <0.05 <0.004 < 0.002 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 <0.005
Field Blank-3 10/08/98 <0.05 < 0.004 <0.002 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 <0.005
Winter S»ro&Ui»a,
BS-28 1/18/99 < 1.0 <0.5 0.094 1.052 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 11
BS-38 1/13/99 < 1.0 <0.5 0.115 1.791 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 11.24
PA-CD 1/15/99 < 1.0 <0.5 <0.04 0.534 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 1.196
Table G6: All ICAPES analytical results
Sample Name Sample Date Fe2399 Hg Li Mn Mo Ni Pb Sb Se Sn Sr
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
PA-CD RE 1/21/99 < 1.0 <0.5 <0.04 0.739 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 1.217
PA-CS 1/15/99 < 1.0 <0.5 <0.04 <0.02 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 1.037
PA-CS RE 1/21/99 < 1.0 <0.5 <0.04 <0.02 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 1.039
PA-SD 1/14/99 < 1.0 <0.5 <0.04 0.142 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 1.167
PA-SM 1/14/99 < 1.0 <0.5 <0.04 <0.02 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 1.033
PA-SS 1/14/99 < 1.0 <0.5 <0.04 <0.02 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 1.038
PAW-1 1/21/99 < 1.0 <0.5 0.161 5.779 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 7.984
PAW-2 1/19/99 <1.0 <0.5 0.132 5.425 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 10.51
PAW-3 1/19/99 < 1.0 <0.5 0.066 1.67 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 5.812
PAW-4 1/19/99 < 1.0 <0.5 0.061 1.424 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 5.879
PAW-5 1/20/99 1.503 <0.5 0.099 5.67 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 7.004
PAW-6 1/20/99 < 1.0 <0.5 0.09 4.074 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 6.172
PAW-7 1/20/99 < 1.0 <0.5 0.186 5.407 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 13.25
Pond-B 1/21/99 <0.1 <0.05 <0.004 0.0848 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 0.2123
Rain Water 1/15/99 <0.1 <0.05 <0.004 <0.002 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 <0.005
RO-1 1/15/99 <0.1 <0.05 <0.004 0.0097 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 0.0527
RO-2 1/15/99 <0.1 <0.05 <0.004 0.0038 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 0.4704
RO-3 1/15/99 0.1577 <0.05 <0.004 0.0093 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 0.1309
RO-5 1/15/99 <0.1 <0.05 0.0053 0.0349' <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 0.4117
RO-6 1/15/99 0.1758 <0.05 <0.004 <0.002 <0.02-* < 0.015 <0.06 < 0.085 <0.08 <0.07 0.0299
RO-7 1/15/99 <0.1 <0.05 <0.004 0.0038 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 0.1416
Field Blank-1 1/16/99 <0.1 <0.05 <0.004 <0.002 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 <0.005
Field Blank-2 1/20/99 <0.1 <0.05 <0.004 <0.002 <0.2 < 0.015 <0.06 < 0.085 < 0.08 <0.07 <0.005
Field Blank-3 1/22/99 <0.1 <0.05 <0.004 < 0.002 <0.2 < 0.015 <0.06 < 0.085 <0.08 <0.07 0.086
S p M i t m s l t e i i  _ jm hr. :»w .
BS-27 3/24/99 0.457 <0.5 0.098 1.638 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 9.271
BS-28 3/23/99 1.033 <0.5 0.093 1.085 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 11.72
BS-30 3/25/99 < 1.0 <0.5 0.062 0.407 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 26.4
BS-38 3/24/99 < 1.0 <0.5 0.12 1.887 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 12.86
BS-70 3/24/99 < 1.0 <0.5 0.042 0.195 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 14.13
MiliQ-Bought 3/26/99 <0.1 <0.05 <0.004 <0.002 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 <0.005
MSU-4 3/26/99 < 1.0 <0.5 0.059 0.413 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 14.58
PA-CD 3/26/99 < 1.0 <0.5 < 0.04 0.207 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 1.234
PA-CS 3/26/99 < 1.0 <0.5 <0.04 0.037 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 1.052
PA-ND 3/26/99 < 1.0 <0.5 <0.04 0.127 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 1.252
PA-NS 3/26/99 < 1.0 <0.5 <0.04 0.043 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 0.675
PA-SD 3/25/99 < 1.0 <0.5 <0.04 0.12 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 1.197
PA-SM 3/25/99 < 1.0 <0.5 <0.04 <0.02 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 1.131
PA-SS 3/25/99 < 1.0 <0.5 <0.04 <0.02 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 1.119
Table G6: All ICAPES analytical results
Sample Name Sample Date Fe2399 Hg Li Mn Mo Ni Pb Sb Se Sn Sr
PPm PPm PPm ppm ppm ppm ppm ppm ppm ppm ppm
PAW-1 3/27/99 < 1.0 <0.5 0.133 4.74 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 8.296
PAW-2 3/27/99 < 1.0 <0.5 0.098 5.475 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 9.135
PAW-3 3/26/99 < 1.0 <0.5 0.046 1.669 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 5.827
PAW-4 3/26/99 < 1.0 <0.5 0.047 1.391 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 5.496
PAW-5 3/27/99 <1.0 <0.5 0.058 3.865 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 4.951
PAW-6 3/27/99 < 1.0 <0.5 0.05 3.456 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 4.674
PAW-7 3/27/99 < 1.0 <0.5 0.167 5.558 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 13.27
PAW-8 3/27/99 3.679 <0.5 0.112 2.828 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 11.29
Field Blank 1 and 2 3/26/99 <0.1 <0.05 < 0.004 <0.002 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 <0.005
PA-NS 8/1/99 < 1.0 <0-5 <0.04 <0.02 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 0.86
PA-ND 8/1/99 < 1.0 <0.5 <0.04 <0.02 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 0-874
PA-CS 8/1/99 < 1.0 <0.5 <0.04 <0.02 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 0.872
PA-CD 8/1/99 < 1.0 <0.5 <0.04 0.64 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 1.126
PA-SS 8/1/99 < 1.0 <0.5 <0.04 <0.02 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 0.899
PA-SD 8/1/99 < 1.0 <0.5 <0.04 0.187 <0.2 <0.15 <0.6 <0.85 <0.8 <0.7 0.92
Field Blank-1 8/1/99 <0.1 <0.05 <0.004 <0.002 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 <0-005
Field Blank-2 8/1/99 <0.1 <0.05 <0.004 < 0.002 <0.02 < 0.015 <0.06 < 0.085 <0.08 <0.07 <0.005
BS-30 7/30/99 <0.12 <0.4 <0.1 0.368 <0.1 <0.15 <0.9 <0.55 <1.0 <0.3 23.49
BS-70 7/30/99 <0.12 <0.4 <0.1 0.173 <0.1 <0.15 <0.9 <0.55 <1.0 <0.3 12.33
MSU-4 7/30/99 <0.12 <0.4 <0.1 0.414 <0.1 <0.15 <0.9 <0.55 <1.0 <0.3 13.66
BS-27 7/29/99 0.373 <0.4 0.105 1.583 <0.1 <0.15 <0.9 <0.55 <1.0 <0.3 8.475
BS-28 7/29/99 0.843 <0.4 <0.1 0.984 <0.1 <0.15 <0.9 <0.55 <1.0 <0.3 10.2
BS-38 7/29/99 0.485 <0.4 0.115 1.699 <0.1 <0.15 <0.9 <0.55 <1.0 <0.3 10.87
PAW-1 7/31/99 <0.12 <0.4 0.122 4.705 <0.1 <0.15 <0.9 <0.55 <1.0 <0.3 6.75
PAW-2 7/28/99 <0.12 <0.4 0.147 5.221 <0.1 <0.15 <0.9 <0.55 <1.0 <0.3 10.43
PAW-3 7/28/99 <0.12 <0.4 <0.1 1.643 <0.1 <0.15 <0.9 <0.55 <1.0 <0.3 5.767
PAW-4 7/28/99 <0.12 <0.4 <0.1 1.274 <0.1 <0.15 <0.9 <0.55 <1.0 <0.3 5.51
PAW-5 7/31/99 0.979 <0.4 <0.1 5.378 <0.1 <0.15 <0.9 <0.55 <1.0 <0.3 6.422
PAW-6 7/31/99 <0.12 <0.4 <0.1 3.852 <0.1 <0.15 <0.9 <0.55 <1.0 <0.3 5.2
PAW-7 7/30/99 <0.12 <0.4 0.164 4.69 <0.1 <0.15 <0.9 <0.55 <1.0 <0.3 6.95
PAW-8 7/30/99 3.398 <0.4 0.107 2.796 <0.1 <0.15 <0.9 <0.55 <1.0 <0.3 9.815
Table G6; All ICAPES analytical results
Sample Name Sample Date Ti Tl V Zn Ca K Mr Na P S Si
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
PA-NS 10/11/98 <0.005 <0.1 <0.01 <0.003 121.2 24.76 296.6 104.3 <0.07 500 0.32
PA-ND 10/11/98 <0.005 <0.1 < 0.01 <0.003 125.3 24.92 300.4 106.8 <0.07 524.6 0.31
PA-CES 10/11/98 <0.005 <0.1 < 0.01 < 0.003 121.1 24.58 297.1 104.7 <0.07 519.3 0.34
PA-CED 10/11/98 <0.005 <0.1 <0.01 <0.003 121.1 25.02 297.3 106.4 < 0.07 499 0.32
PA-CS 10/10/98 <0.005 <0.1 <0.01 <0.003 120.3 24.78 297.9 107.6 <0.07 515.2 0.35
PA-CD 10/10/98 <0.005 <0.1 < 0.01 <0.003 119.9 25.04 296 105.9 <0.07 497.1 0.34
PA-CWS 10/10/98 <0.005 <0.1 <0.01 <0.003 120.2 24.59 294.9 104.5 <0.07 495.9 0.35
PA-CWD 10/10/98 <0.005 <0.1 <0.01 <0.003 119.5 25.16 292.8 101.9 < 0.07 496.6 0.35
PA-SS 10/11/98 <0.005 <0.1 <0.01 <0.003 120.3 24.81 293.2 101.5 <0.07 498.7 0.31
PA-SD 10/11/98 <0.005 <0.1 <0.01 <0.003 120.9 25.58 291.8 99.44 <0.07 497.4 0.33
RO-1 10/10/98 0.024 <0.1 <0.01 0.049 48.52 10.3 11.780 1.4 < 0.07 43.93 2.67
RO-2 10/10/98 0.0095 <0.1 <0.01 0.023 40.68 5.7 12.170 0.7 < 0.07 39.54 1.14
RO-7 10/10/98 <0.009 <0.1 <0.01 0.005 21.55 3.5 5.794 0.6 <0.07 11.41 1.52
ROl old Sept/Oct <0.009 <0.1 <0.01 0.018 38.63 12.1 9.906 1.3 <0.07 13.46 4.27
R07 old Sept/Oct 0.012 <0.1 <0.01 0.009 27.62 5.8 5.590 0.7 0.13 10.82 1.88
BS70 10/13/98 <0.005 <0.1 <0.01 0.014 245.60 6.1 234.400 75.9 <0.07 331.20 7.07
MSU-4 10/12/98 <0.005 <0.1 < 0.01 0.007 332.80 10.1 330.500 231.3 <0.07 730.80 7.04
BS-30 10/12/98 <0.005 <0.1 <0.01 0.004 511.00 7.9 448.800 146.5 <0.07 891.10 7.21
BS-28 10/13/98 <0.005 <0.1 <0.01 0.006 358.70 13.7 311.000 120.8 <0.07 641.90 6.07
BS-38 10/14/98 <0.005 <0.1 <0.01 0.014 390.20 17.9 355.300 144.2 <0.07 706.30 5.90
PAW-1 10/10/98 <0.005 <0.1 <0.01 0.014 598.60 26.6 545.400 112.8 <0.07 1128.00 5.44
PAW-2 10/09/98 < 0.005 <0.1 <0.01 0.034 544.40 27.1 642.300 108.4 < 0.07 1283.00 5.42
PAW-3 10/09/98 <0.005 < 0.1 <0.01 0.003 275.10 15.4 272.900 74.0 <0.07 559.10 4.56
PAW-4 10/09/98 <0.005 <0.1 <0.01 0.005 266.60 15.2 249.500 81.0 <0.07 518.80 4.78
PAW-5 10/08/98 <0.005 <0.1 <0.01 0.005 561.50 24.0 516.000 109.9 <0.07 1104.00 6.47
PAW-6 10/08/98 <0.005 <0.1 <0.01 0.006 466.70 22.7 511.800 90.8 <0.07 1043.00 4.35
Field Blank-1 10/08/98 < 0.005 <0.1 <0.01 <0.003 0.0156 <0.5 <0.005 <0.1 <0.07 <0.07 <0.02
Field Blank-2 10/08/98 <0.005 <0.1 <0.01 <0.003 <0.01 <0.5 <0.005 <0.1 <0.07 <0.07 <0.02
Field Blank-3 10/08/98 <0.005 <0.1 <0.01 <0.003 0.4368 <0.5 0.0446 <0.1 <0.07 0.0783 <0.02
Winter B am iillna.... "*t X * * V * ' \ *
<0.1 <0.03
'fZTT..1
373.3BS-28 1/18/99 <0.20 <1.0 14.12 340.5 120.5 <0.7 674.5 5.673
BS-38 1/13/99 <0.20 < 1.0 <0.1 <0.03 386.6 17.36 373.6 130.7 <0.7 727.3 5.44
PA-CD 1/15/99 <0.20 < 1.0 <0.1 <0.03 146.5 22.42 336.7 102.8 <0.7 540.6 0.227
oo
Table G6: All ICAPES analytical results
Sample Name Sample Date Ti Tl V Zn Ca K Mg Na P S Si
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
PA-CD RE 1/21/99 <0.20 < 1.0 <0.1 <0.03 145.8 22.32 335.8 103.6 <0.7 541.8 0.316
PA-CS 1/15/99 <0.20 < 1.0 <0.1 <0.03 129.9 22.45 316.7 97.85 <0.7 527.9 <0.2
PA-CS RE 1/21/99 <0.20 < 1.0 <0.1 <0.03 131.3 22.61 317.1 98.27 <0.7 530.1 <0.2
PA-SD 1/14/99 <0.20 < 1.0 <0.1 <0.03 136.5 25.28 325.5 100.1 <0.7 538.3 <0.2
PA-SM 1/14/99 <0.20 < 1.0 <0.1 <0.03 129.5 23.4 312.6 97.86 <0.7 533.6 <0.2
PA-SS 1/14/99 < 0.20 < 1.0 <0.1 <0.03 129.3 22.66 318.6 98.89 <0.7 527.4 <0.2
PAW-1 1/21/99 <0.20 < 1.0 <0.1 <0.03 541.2 25.25 631.8 117.3 <0.7 1220 4.827
PAW-2 1/19/99 <0.20 < 1.0 <0.1 <0.03 502.9 23.25 670.6 111.2 <0.7 1254 3.8
PAW-3 1/19/99 <0.20 < 1.0 <0.1 <0.03 281.8 14.07 295.4 73.36 <0.7 582.7 3.458
PAW-4 1/19/99 <0.20 < 1.0 <0.1 <0.03 272 14.44 267.6 73.75 <0.7 545 3.775
PAW-5 1/20/99 <0.20 < 1.0 <0.1 <0.03 513.1 21.6 535.9 119 <0.7 1127 4.442
PAW-6 1/20/99 <0.20 <1.0 <0.1 <0.03 390.4 20.28 503.5 96.9 <0.7 967 2.853
PAW-7 1/20/99 <0.20 < 1.0 <0.1 <0.03 555.9 28.57 686.4 110.5 <0.7 1241 5.2
Pond-B 1/21/99 <0.20 <0.1 <0.01 <0.003 34.53 4.97 8.275 0.7201 <0.07 21.65 0.942
Rain Water 1/15/99 <0.20 <0.1 <0.01 0.054 1.959 <0.50 <0.005 5.335 <0.07 0.781 0.23
RO-1 1/15/99 < 0.020 <0.1 <0.01 <0.003 12.43 2.05 2.455 1.093 <0.07 3.296 0.7495
RO-2 1/15/99 < 0.020 <0.1 <0.01 <0.003 54.65 5.553 27.62 2.53 <0.07 67.94 1.361
RO-3 1/15/99 < 0.020 <0.1 <0.01 <0.003 27.74 5.55 6.274 2.682 <0.07 13.37 2.439
RO-5 1/15/99 < 0.020 <0.1 <0.01 <0.003 237.8 4.971 38.95 1.634 <0.07 241.7 1.243
RO-6 1/15/99 < 0.020 <0.1 <0.01 <0.003 7.72 2.215 2.201 1.069 <0.07 2.178 1.301
RO-7 1/15/99 < 0.020 <0.1 <0.01 <0.003 25.81 3.862 19.74 9.719 <0.07 48.56 0.8916
Field Blank-1 1/16/99 < 0.020 <0.1 <0.01 <0.003 0.233 <0.50 0.263 <0.10 <0.07 <0.07 <0.02
Field Blank-2 1/20/99 < 0.020 <0.1 <0.01 <0.003 < 0.01 <0.50 <0.005 <0.10 <0.07 <0.07 0.324
Field Blank-3 1/22/99 < 0.020 <0.1 <0.01 <0.003 3.123 <0.50 0.188 1.049 <0.07 <0.07 0.454
Sprina SamDlina..
BS-27 3/24/99 <0.20 <1.0 <0.1 <0.03 391.7 17.13 426.4 159.4 <0.7 773.6 5.786
BS-28 3/23/99 <0.20 < 1.0 <0.1 <0.03 381 14.4 364.5 140.4 <0.7 707.2 6.05
BS-30 3/25/99 <0.20 < 1.0 <0.1 <0.03 531.2 8.921 549.3 166.3 <0.7 1027 8.349
BS-38 3/24/99 <0.20 < 1.0 <0.1 <0.03 418.2 19.81 426.9 164.9 <0.7 771.9 5.936
BS-70 3/24/99 <0.20 < 1.0 <0.1 <0.03 250.9 6.852 266.2 84.34 <0.7 348.6 7.467
MiliQ-Bought 3/26/99 < 0.020 <0.1 <0.01 <0.003 <0.01 <0.5 <0.005 <0.1 <0.07 <0.07 <0.02
MSU-4 3/26/99 <0.20 <1.0 <0.1 4.93* 360.1 10.85 389.6 263.3 <0.7 798.1 7.084
PA-CD 3/26/99 <0.20 < 1.0 <0.1 <0.03 138.6 25.09 339 111.5 <0.7 564.2 <0.2
PA-CS 3/26/99 <0.20 < 1.0 <0.1 <0.03 120.8 22.92 292.9 96.19 <0.7 503.5 <0.2
PA-ND 3/26/99 <0.20 < 1.0 <0.1 <0.03 137.7 25.86 338.5 112.7 <0.7 564 0.322
PA-NS 3/26/99 <0.20 < 1.0 <0.1 <0.03 77.56 15.31 165.3 52.86 <0.7 262 0.432
PA-SD 3/25/99 <0.20 < 1.0 <0.1 <0.03 140 26.33 337.2 110.5 <0.7 519.1 <0.2
PA-SM 3/25/99 <0.20 < 1.0 <0.1 <0.03 136.1 25.11 325 105.9 <0.7 503.8 <0.2
PASS 3/25/99 <0.20 < 1.0 <0.1 <0.03 125.5 23.95 315.1 104.7 <0.7 529.1 <0.2
Table G6: All ICAPES analytical results
Sample Name Sample Date Ti Tl V Zn Ca K Me Na P S Si
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
PAW-1 3/27/99 <0.20 < 1.0 <0.1 <0.03 550.7 24.81 817.2 171.2 <0.7 1399 3.893
PAW-2 3/27/99 <0.20 <1.0 <0.1 <0.03 524.4 21.36 664.1 137.5 <0.7 1233 4.018
PAW-3 3/26/99 <0.20 < 1.0 <0.1 <0.03 296.1 12.54 313.6 78.72 <0.7 588.5 3.36
PAW-4 3/26/99 <0.20 < 1.0 <0.1 <0.03 273.8 11.46 271 74.37 <0.7 526.7 3.521
PAW-5 3/27/99 <0.20 < 1.0 <0.1 <0.03 442.7 17.4 416.4 119.3 <0.7 889.2 3.559
PAW-6 3/27/99 <0.20 < 1.0 <0.1 <0.03 360.4 16.95 399.5 87.97 <0.7 759.8 2.585
PAW-7 3/27/99 <0.20 < 1.0 <0.1 <0.03 575.7 26.76 725.5 120.8 <0.7 1217 5.214
PAW-8 3/27/99 <0.20 < 1.0 <0.1 <0.03 486.9 21.85 606.8 122.7 <0.7 1081 6.15
Field Blank 1 and 2 3/26/99 < 0.020 <0.1 <0.01 <0.003 <0.01 <0.5 0.401 <0.1 <0.07 <0.07 <0.02
PA-NS 8/1/99 <0.05 < 1.0 <0.1 <0.03 107 22.6 293.9 91.68 <0.7 464.5 0.191
PA-ND 8/1/99 <0.05 < 1.0 <0.1 <0.03 110.9 21.32 292.4 90.75 <0.7 470.5 0.254
PA-CS 8/1/99 <0.05 < 1.0 <0.1 <0.03 109.6 21.38 293.1 90.94 <0.7 467 0.221
PA-CD 8/1/99 <0.05 < 1.0 <0.1 <0.03 125.2 23.46 320.3 97.24 <0.7 494.5 1.108
PA-SS 8/1/99 <0.05 < 1.0 <0.1 <0.03 109.6 21.41 308 92.14 <0.7 486.5 0.276
PA-SD 8/1/99 <0.05 < 1.0 <0.1 <0.03 113.8 22.42 305.8 93.34 <0.7 476.8 0.54
Field Blank-1 8/1/99 <0.005 <0.1 <0.01 <0.003 0.1305 <0.5 <0.005 0.1901 <0.07 <0.07 <0.02
Field Blank-2 8/1/99 <0.005 <0.1 <0.01 <0.003 0.0837 <0.5 <0.005 <0.1 <0.07 <0.07 <0.02
BS-30 7/30/99 <0.1 <1.6 <0.25 9.13* 498.6 10.19 481 150.9 <1.5 882.1 8.145
BS-70 7/30/99 <0.1 <1.6 <0.25 7.72* 230.8 7.401 229.4 70.18 <1.5 302.4 7.511
MSU-4 7/30/99 <0.1 <1.6 <0.25 9.39* 351.1 11.04 363.1 241.3 <1.5 757.6 7.297
BS-27 7/29/99 <0.1 <1.6 <0.25 <0.03 380.5 16.69 400.9 152 <1.5 732.5 5.896
BS-28 7/29/99 <0.1 <1.6 <0.25 <0.03 348.6 14.32 318.2 121.2 <1.5 631.3 5.917
BS-38 7/29/99 <0.1 <1.6 <0.25 <0.03 382.3 19.31 355.9 140.2 <1.5 695 5.711
PAW-1 7/31/99 <0.1 <1.6 <0.25 <0.03 509 22.095 616 125.4 <1.5 1065.5 4.733
PAW-2 7/28/99 <0.1 <1.6 <0.25 <0.03 510.9 27.67 636.7 128.7 <1.5 1219 5.044
PAW-3 7/28/99 <0.1 <1.6 <0.25 <0.03 277.9 15.76 289.8 75.71 <1.5 532.3 3.904
PAW-4 7/28/99 <0.1 <1.6 <0.25 <0.03 253.8 13.32 252.1 71.58 <1.5 467.9 3.938
PAW-5 7/31/99 <0.1 <1.6 <0.25 <0.03 536 22.56 500.2 115.9 <1.5 1023 5.422
PAW-6 7/31/99 <0.1 <1.6 <0.25 <0.03 405.1 20.15 416.2 83.49 <1.5 825.7 3.441
PAW-7 7/30/99 <0.1 <1.6 <0.25 <0.03 515.5 20.59 628.5 128.8 <1.5 1096.5 5.332
PAW-8 7/30/99 <0.1 <1.6 <0.25 <0.03 455.1 18.94 541.5 111.65 <1.5 927.5 6.525
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Appendix H 
Field Data Collected at the Pond-A Study Site
The field data that was collected at the Pond-A study site where the following: 
Lake Depth, Water Temperature, pH, Dissolved Oxygen, Specific Conductance, 
Alkalinity and Sulfide. Sulfide measurements were only determined during the fall 
sampling effort.
Table HI: Field data measured at the Pond A study site.
Sample Name Sample Date Sample Depth Lake Depth Water temp pH Dissolved O2 Sulfide Conductivity Specific Conduct. ALK (titrated)
feet feet °C mg/1 mg/L pS pS (25°C) meq/1 as CaC03
PA-NS 10/11/98 2.00 8.34 13.1 8.08 7.44 < 0.001 1752 1427.5 5.2
PA-ND 10/11/98 8.00 8.34 12.6 7.84 5.56 < 0.001 1739 1406.0 4.96
PA-CES 10/11/98 2.00 13.95 13.5 8.16 8.04 < 0.001 1760 1443.0 NA
PACED 10/11/98 13.70 13.95 13.2 8.14 7.75 < 0.001 1747 1425.7 4.84
PA-CS 10/10/98 2.00 15.3 14.4 8.22 7.97 < 0.001 1785 1484.5 NA
PA-CD 10/10/98 15.00 15.3 13.8 8.08 6.89 < 0.001 1766 1454.8 4.92
PA-CWS 10/10/98 2.00 12.4 14.9 8.18 7.77 < 0.001 1800 1508.9 4.92
PA-CWD 10/10/98 12.10 12.4 13.9 8.13 7.27 <0.001 1759 1451.3 4.88
PA-SS 10/11/98 2.00 12.84 13.7 8.17 7.84 <0.001 1771 1456.6 4.8
PA-SD 10/11/98 12.50 12.84 13.4 8.08 7.1 < 0.001 1760 1440.8 4.92
RO-1 10/10/98 7.89 228.5 172.2 0.76
RO-2 10/10/98 7.83 —* 198.7 149.6 0.68
RO-7 10/10/98 8.04 99.5 75.2 1.44
ROl old Sept/Oct
R07 old Sept/Oct
BS70 10/13/98 13.9 6.97 6 0.012 1728.000 1425.7 13.32
MSU-4 10/12/98 14.9 6,9 3 0.066 2659 2229.0 11
BS-30 10/12/98 12.9 6.9 2.9 0.081 3003 2439.3 14.5
BS-28 10/13/98 12.6 6.87 1 0.021 2163 1748.8 10.56
BS-38 10/14/98 13 6.64 0.9 0.006 2515 2046.0 12.64
PAW-1 10/10/98 15.8 6.56 3 < 0.001 4066 3458.3 14.52
PAW-2 10/09/98 16.8 6.89 5.5 < 0.001 4555 3938.2 12.4
PAW-3 10/09/98 16.8 6.9 0.52 < 0.001 2449 2117.4 6.88
PAW-4 10/09/98 15.3 6.96 0.83 < 0.001 2310 1948.9 5.04
PAW-5 10/08/98 16.7 6.69 0.26 < 0.001 3995 3448.3 11.04
PAW-6 10/08/98 - 16.4 6.71 < 0.001 3930 ^ 2 5 3 7 ^ 5 ^ 10.4K S S B n K j
PA-CS 1/15/99
W m am eM m
3.75
W inter 2
17
>ampling
2.2
3 B
8.1 9.28 2614
■ ■ ■ ■
5.2
PA-CD 1/15/99 16.75 17 4.8 7.34 8.07 2614 6.04
PA-CS RE 1/21/99 3.75 17.6 2.75 8.02 NA 2620 5.04
PA-CD RE 1/21/99 17.35 17.6 5.6 7.25 NA 2674 6.4
PA-SS 1/14/99 3.75 14 2.5 8.14 10.21 2627 4.96
PA-SM 1/14/99 10.25 14 3.4 8.06 8.46 2618 5.12
BS-28 1/18/99 12.5 6.62 0.07 3329 10.56
BS-38 1/13/99 12.8 6.65 0.2 3558 12.6
PA-SD 1/14/99 13.75 14 5 7.72 4.19 2651 5.72
Table HI: Field data measured at the Pond A study site.
Sample Name Sample Date Sample Depth Lake Depth Water temp pH Dissolved O2' Sulfide Conductivity Specific Conduct. ALK (titrated)
feet feet °C mg/1 mg/L pS pS (25°C) meq/1 as CaC03
PAW-1 1/21/99 7.5 6.8 5 4630 15
PAW-2 1/19/99 7.4 7.74 7.03 4912 11.92
PAW-3 1/19/99 9.2 6.9 0.36 2747 7.16
PAW-4 1/19/99 10.3 6.96 0.23 2570 7.16
PAW-5 1/20/99 6 6.7 0.61 4268 10.32
PAW-6 1/20/99 7.5 6.82 0.71 3647 9.5
PAW-7 1/20/99 9.2 6.52 0.1 4975 17.52
Pond-B 1/21/99 0.8 7.5 6.9 93.1 1.008
■ ■ H i Spring Sampling M i l ■ ■ ■ ■ M h b i
PANS 3/26/99 9.00 2 11.6 7.92 8.29 1453 NA
PA-ND 3/26/99 8.00 9 8 7.52 5.4 2510 5.24
PA-CS 3/26/99 4.00 17 10.7 7.86 6.22 2366 4.6
PA-CD 3/26/99 16.00 17 7.3 7.69 5.23 2533 NA
PA-SS 3/25/99 4.00 14 10.6 7.94 6.0 2380 4.68
PA-SM 3/25/99 8.00 14 8.1 7.94 5.55 2521 NA
PA-SD 3/25/99 13.00 14 7.3 7.8 3.44 2529 5.28
BS-30 3/25/99 13.9 6.9 2.37 4234 13.88
BS-70 3/24/99 13 6.89 3.41 2345 12.64
MSU-4 3/26/99 14.1 6.89 0.15 3644 14.28
BS-27 3/24/99 13.5 6.67 0.18 3593 12.44
BS-28 3/23/99 13.0 6.72 0.17 3239 10.52
BS-38 3/24/99 13.6 6.66 0.22 3533 11.92
PAW-1 3/27/99 6.2 6.69 3.68 5410 14.6
PAW-2 3/27/99 6.6 6.72 6.76 4735 11
PAW-3 3/26/99 7 6.96 0.34 2799 7.16
PAW-4 3/26/99 8 6.99 0.28 2597 7.12
PAW-5 3/27/99 6.2 6.75 0.67 3841 8.5
PAW-6 3/27/99 6.5 6.85 0.59 3315 8.1
PAW-7 3/27/99 9.6 6.58 0.25 4967 17.2
PAW-8 3/27/99 10 6.72 0.20 _____ 4560 13.76
PA-NS
IrtW llife
8/1/99
— ■ w i 
2.00
Summer
8.1
Sampling
22.7 8.31 6.2
H U H H H I H
2470
S B B S & fi
NA
PA-ND 8/1/99 8.00 8.1 21.8 7.9 1.86 2495 4.4
PA-CS 8/1/99 3.00 16 24.1 8.31 7.71 2467 4.32
PA-CD 8/1/99 16.00 16 20.1 7.38 0.24 2553 NA
PA-SS 8/1/99 4.00 13 23.8 8.31 7.86 2435 NA
PA-SD 8/1/99 13.00 13 22.2 7.84 2.37 2445 4.52
Table HI: Field data measured at the Pond A  study site.
Sample Name Sample Date Sample Depth Lake Depth Water temp pH Dissolved O2' Sulfide Conductivity Specific Conduct. ALK (titrated)
feet feet °C mg/1 mg/L pS pS (25°C) meq/1 as CaCOs
BS-30 7/30/99 13.5 6.87 1.2 4320 14.6
BS-70 7/30/99 13.8 6.95 5.52 2325 13
MSU-4 7/30/99 14 6.89 0.28 3635 10.44
BS-27 7/29/99 13.5 6.69 0.41 3675 13.04
BS-28 7/29/99 13.5 6.75 0.34 3280 10.88
BS-38 7/29/99 13.8 6.66 0.22 3530 12.72
PAW-1 7/31/99 14.4 6.59 3.05 5140 14.08
PAW-2 7/28/99 16 6.84 1.31 4130 11.52
PAW-3 7/28/99 14 6.99 0.25 2800 7.32
PAW-4 7/28/99 11.8 7.13 0.25 2628 7.32
PAW-5 7/31/99 16.2 6.69 0.48 4405 9.56
PAW-6 7/31/99 13.9 6.77 0.45 3834 8.08
PAW-7 7/30/99 12.6 6.56 0.43 5080 16.8
PAW-8 7/30/99 11.8 6.63 0.27 4585 13.68
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Appendix I
Saturation Indices for Pond-A (Fall, Winter, Spring and Summer) using 
MINTEQA2 (Allison et al., 1991)
Thermodynamic equilibrium calculations for Pond-A waters were determined using the
geochemical computer model MINTEQA2. Calculations results produced saturation
indices of minerals that might be reacting in the water column of Pond-A. The model
was run independently for each sampling event (fall, winter, spring and summer) 
according to the average concentrations of dissolved elements, pH, total inorganic carbon 
and temperature measured.
Table 11: Calculated Saturation Indices or Pond-A Water Column
FALL WINTER SPRING SUMMER
Mineral Name Sat. Index Sat. Index Sat. Index Sat. Index
ANHYDRITE -0.785 -0.817 -0.801 -0.752
ARAGONITE -0.198 -0.607 -0.49 -0.169
ARTINITE -4.396 -6.118 -5.65 -3.987
BARITE 0.813 1.07 1.016 0.728
BRUCITE -3.687 -4.982 -4.645 -3.33
CALCITE -0.019 -0.378 -0.288 -0.023
CELESTITE -1.118 -1.087 -1.089 -1.17
CHALCEDONY -1.267 -1.226 -1.217 -1.261
CHRYSOTILE -1.996 -5.367 -4.555 -1.27
CLINOENSTITE -2.988 -4.209 -3.879 -2.652
CRISTOBALITE -1.178 -1.112 -1.115 -1.191
DIOPSIDE -3.583 -5.801 -5.258 -3.118
DOLOMITE 0.507 -0.403 -0.116 0.636
EPSOMITE -2.472 -2.337 -2.402 -2.556
SEPIOLITE(C) -3.769 -5.947 -5.39 -3.274
FORSTERITE -6.921 -9.508 -8.805 -6.167
GREENALITE -4.221 NA NA NA
GYPSUM -0.458 -0.38 -0.42 -0.516
HALITE -7.664 -7.61 -7.612 -7.785
HUNTITE -2.663 -4.745 -4.036 -2.165
HYDRMAGNESIT -10.158 -13.564 -12.5 -9.258
MAGADIITE -14.487 -15.413 -14.885 -13.87
MAGNESITE 0.034 -0.482 -0.306 0.161
MELANTERITE -7.182 NA NA NA
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FALL WINTER SPRING SUMMER
Mineral Name Sat. Index Sat. Index Sat. Index Sat. Index
MIRABILITE -5.516 -5.02 -5.254 -6.066
NATRON -8.537 -8.536 -8.608 -9.006
NESQUEHONITE -2.363 -2.869 -2.699 -2.246
QUARTZ -0.738 -0.653 -0.666 -0.767
SEPIOUTE(A) -5.845 -7.28 -7.099 -5.968
SIDERITE -2.462 NA NA NA
SI02(A,GL) -1.777 -1.741 -1.729 -1.767
SI02(A,PT) -2.101 -2.079 -2.06 -2.078
STRONTIANITE -1.463 -1.845 -1.726 -1.503
TALC -2.205 -5.268 -4.551 -1.652
THENARDITE -7.016 -7.053 -7.017 -7.122
THERMONATR -10.508 -11.013 -10.829 -10.557
TREMOLITE -3.004 -10.423 -8.66 -1.588
WITHERITE -3.874 -4.184 -4.039 -3.818
PYROCROITE -6.866 -6.277 -6.573 -4.817
RHODOCHROSIT -2.443 -1.052 -1.521 -0.644
MNCL2, 4H20 -16.915 -14.508 -15.369 -15.645
MNS04 -12.787 -11.355 -11.756 -10.691
ZNCL2 -22.354 -22.65 -22.453 -22.053
SMITHSONITE -3.028 -3.453 -3.313 -2.937
ZNC03,1H 20 -2.642 -2.948 -2.868 -2.65
ZN(OH)2 (A) -3.682 -4.23 -4.26 -3.905
ZN(OH)2 (C) -3.432 -3.98 -4.01 -3.655
ZN(OH)2 (B) -2.982 -3.53 -3.56 -3.205
ZN(OH)2 (G) -2.942 -3.49 -3.52 -3.165
ZN(OH)2 (E) -2.732 -3.28 -3.31 -2.955
ZN2(OH)3CL -9.456 -10.189 -10.256 -9.839
ZN5(OH)8CL2 -18.244 -20.258 -20.423 -19.232
ZN2(0H)2S04 -8.509 -8.957 -9.025 -8.747
ZN4(0H)6S04 -11.873 -13.418 -13.546 -12.557
ZNO(ACTIVE) -2.542 -3.09 -3.12 -2.765
ZINCITE -3.006 -4.15 -3.879 -2.733
ZN30(S04)2 -31.605 -33.642 -32.892 -30.451
ZNSI03 0.384 -0.746 -0.452 0.687
WILLEMITE -3.685 -5.776 -5.303 -3.263
ZINCOSITE -13.345 -13.767 -13.54 -12.924
ZNS04,1H 20 -9.517 -9.706 -9.597 -9.29
BIANCHITE -8.019 -7.923 -7.958 -8.03
GOSLARITE -7.724 -7.533 -7.616 -7.813
ZN(B02)2 -9.243 -9.721 -9.791 -9.45
LIME -20.906 -22.745 -22.136 -20.117
PORTLANDITE -10.332 -11.747 -11352 -9.897
WUSTITE -3.201
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FALL WINTER SPRING SUMMER
Mineral Name Sat. Index Sat. Index Sat. Index Sat. Index
PERICLASE -8.704 -10.279 -9.8 -8.113
WOLLASTONITE -5.252 -6.447 -6.134 -4.96
P-WOLLSTANIT -6.148 -7.385 -7.05 -5.82
CA-OLIYINE -17.693 -20.425 -19.655 -16.863
LARNITE -19.259 -22.06 -21.255 -18.371
CA3SI05 -42.176 -46.893 -45.44 -40.435
MONTICELLITE -9.542 -12.142 -11.436 -8.799
AKERMINITE -23.216 -22.093 -18.011
MERWINITE -33.357 -31.84 -26.303
